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1 Executive summary 
The ICES Working Group on Zooplankton Ecology [WGZE] met at the INIAP/IPIMAR, 
Fisheries Research Institute, Lisbon, Portugal, 4–7 April 2005. 
ToR a)  Update of the annual ICES plankton status report – advances in monitoring 
technologies. 
The fifth ICES Plankton Status Report (PSR) of time-series was contributed and prepared by 
WGZE, this year for an ICES Cooperative Research Report. Meta-analysis allowed inter-
comparison of variability. Improvements were discussed with examples of other data useful 
for incorporation. WGZE considered methods, harmonization of units, metrics and availability 
of guidelines for new studies. Unfortunately WG Phytoplankton Ecology has not produced an 
equivalent or much support for the ICES PSR. WGZE is eager to extend metadata on all 
plankton monitoring sites and time-series in ICES areas and to expand exemplary datasets and 
interpretive analyses. 
New technology is developing very fast and brings benefits but also new problems. New ap-
plications and sampling are now possible. Using stereomicroscopes and identification keys, 
taxonomy is slow, labour intensive and highly-trained specialists are increasingly rare. Ad-
vances in image acquisition and analysis and machine learning, from trained taxonomists, al-
low analysis of digitized plankton images to support, ease and speed-up the work and yield 
extensive new size spectrum data. Digital imaging technologies and video plankton recorders 
work quite well for macro-plankton. For meso-plankton there are major limitations in volume 
sampled and with data handling of high resolution images. Analysis of digital images provides 
an opportunity for methods homogenization if a common framework is agreed. Free software, 
with source code distributed and editable by all (Open Source License), is a good basis to de-
velop such a common framework. Note the GLOBEC/ SPACC workshop, San Sebastian 1–3 
November 2005, “Image analysis to count and identify zooplankton” 
(HUhttp://www.sciviews.org/zooimage/index.phpUH).  
WGZE invited Dr Gabby Gorsky, as visiting representative, to present information on CIESM 
efforts “Toward a Concerted Action for Zooplankton Studies in the Mediterranean”, and a 
CIESM meeting on “Harmonisation of Zooplankton Time-series” to which Dr Luis Valdes of 
WGZE had been invited. G. Gorsky emphasised the great need for coordinated and coopera-
tive approaches to plankton monitoring and time-series, to create an expert network and to 
harmonise methods. CIESM are trying to build bridges to ICES, CoML, GOOS, IMBER and 
EU programs. WGZE is keen to extend its relationships with CIESM. A joint WGZE and CI-
ESM plankton groups meeting was suggested, perhaps about 2007 in concert with or soon 
after the Fourth Zooplankton Symposium. G. Gorsky offered to host the next WGZE meeting. 
ToR b)  Future development and collaborative approaches in plankton time-series. 
Time-series data must be gathered and used to create synthesis by linking data centres and 
holders. The Plankton Status Report, HELCOM and other data serve as a good start. WGZE is 
linked to a new SCOR Working Group on Global Comparisons of Zooplankton Time-series. 
Their goal is global analysis of zooplankton decadal variability (i.e., to do for zooplankton 
what SCOR WG98 did for small-pelagic fishes), aiming to investigate zooplankton as the link 
between physics and fish. Zooplankton sampling is simple, inter-comparable and fishery-
independent. Time scales of zooplankton population responses (~1 year or less) track climate 
forcing at inter-annual/decadal time scales. Long zooplankton time-series are now available 
and initial results are exciting.  The SCOR WG125 wishes another one or two Atlantic re-
gion members, and would greatly welcome ICES sponsorship of this. WGZE contributes 
to the SCOR WG with data and expertise and Luis Valdes, expert in southern temperate 
Atlantic and Mediterranean plankton, has volunteered as a further associate member of 
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the SCOR WG. WGZE appreciate the suggestion from SCOR WG for another ICES-
sponsored Norwegian Sea/North Atlantic associate member, Webjorn Melle was sug-
gested but his participation will depend on ICES-sponsorship and some funding support 
for travel and subsistence.  
Zooplankton and ichthyoplankton activities of the GEF Baltic Sea Regional Project were pre-
sented and discussed. A new CPR line is set up, between Gdynia and Karlskrona in Sweden. 
The possible closing down of the Portugal CPR route raised concern; Portuguese funds will 
end in December 2006. There is concern about recurrent closing down of various zooplankton 
monitoring sites over the years. It is extremely important to maintain this sampling. Time-
series monitoring is often low key and inexpensive relative to short term studies and adds 
value as background to dynamic and reactive research studies. Also it provides validation data 
for modelling, especially if results are considered with and integral to other regional monitor-
ing efforts. WGZE noted again and with some despair that zooplankton monitoring is not in-
cluded in regulations or many European monitoring activities, e.g., EU-Water Framework 
Directive, OSPAR, etc. It is hoped that newly developing EU Strategy Documents might refer 
to zooplankton more effectively. Zooplankton has been the primary research area that has 
demonstrated regime shifts and climate change in shelf seas and at basin scales. It is the link 
between primary/benthic production and fisheries. Funding often depends on regulatory re-
quirements for data. 
ToR c)  Comparison of geographic and seasonal patterns ---. 
The WGZE Plankton Status Report is an active output that can be used for ecosystem status 
assessment. Discussion noted various trends and changes, particularly in the North Sea and the 
North Atlantic. These include changes in biomass, community structure, zoogeography and 
phenology. Examples noted zooplankton decreases in CPR areas of the North Sea and that 
spring production has shifted to earlier. Helgoland data also illustrate shifting length of pro-
duction season, spring moves back but with little shift in the end of season. These shifts influ-
ence often temperature dependant fish recruitment patterns. Match/ mismatch between species 
seasonal cycles and/or distributions are particularly important. Species disappearances and 
timing changes are important for ecology including fish production and fisheries management. 
For integrated managements of marine environments and resources, as per EU strategies, a 
prime development area is the use of integrated operational models, yielding easily understood 
output to aid decision-making.  Two approaches are GIS multilayer developments and, par-
ticularly in relation to plankton, the development of phenological models similar to many used 
for terrestrial ecosystems.  Phenology is relatively easy, but often qualitative. Going quantita-
tive could enable prediction of trophic timings, dependencies and interactions. Examples were 
discussed in relation to climate scenarios, regime shifts and ecology in the North Sea, Baltic 
and around Iceland and the Faeroes.  
ToR d)  Consider multivariate statistical methods and other models as means to evaluate 
and assess - 
Multivariate techniques are almost essential to the process of analysing complex hydro-
biological data. An overview of some techniques and ideas was given and discussed, along 
with other relevant issues, e.g., spatial autocorrelation, advection, software and packages etc., 
with a series of examples and collection of appropriate references, see Annex 3. Multivariate 
approaches and models are powerful, often able to yield easy-to-understand analyses and indi-
ces for examining spatio-temporal variation in complex community structure. To be used and 
interpreted with caution, with expert assistance and review sought by inexperienced or inex-
pert users, it is important to give ecological meaning to any relationships.  
WGZE proposed a practical workshop in the use of multivariate statistics to field plankton 
studies, organised by SAHFOS at the MBA facility in Plymouth, to be discussed further be-
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fore formal proposal.  Re-analysis of older data sets would certainly be fruitful and relatively 
easy, using modern computing techniques. Many had or knew of useful “old” data but such 
retrospective analyses are often not “sexy” enough for funding. More must be done to con-
serve, preserve and make digitally available this sea of old data. Policymakers must pursue 
this issue more vigorously. 
ToR e)  Review preparations and progress towards: 
i) a workshop on enzymatic and other biochemical and molecular methods---. 
Santiago Hernandez Leon with several interested parties is preparing for a lab and field work-
shop series in the sub-tropical Canaries. WGZE think this is a practical, useful and timely de-
velopment in a rapidly advancing field. Wider use and deployment of biochemical approaches 
holds prospects for assessing rates and processes in the lab and in the field alongside biomass 
and abundance assessments. Practical examples in a wide literature are many but techniques 
lack general acceptance and have problems of application, calibration and interpretation. Au-
thoritative guidance needs to be agreed and published. 
Many techniques (diapause and hormonal behaviour controls, kairomones, enzymes, lipids, 
stable isotopes, and molecular /genetic approaches) were discussed, including Swier Ooster-
huis’ interesting presentation on their chitobiase method. WGZE considered other sites and 
venues for further workshops in the Arctic Labrador region and Southern North Sea. Model-
lers need good functional relationships and often experimental data covers unreal gradi-
ents/ranges or is too sparse for good fitting. A good task for these workshops would be to re-
view and update the Zooplankton Methodology Manual sections. Wider calls for parties inter-
ested in the workshops should be made, advertising at the ASC perhaps. A Theme Session at 
the 2007 Symposium on “Molecular and Biochemical Approaches in Studies of Pelagic Ecol-
ogy” was proposed to raise/focus interest among the dispersed proponents of marine biochem-
istry.  
ii) the 4PthP International Zooplankton Production Symposium ---. 
Luis Valdes is the ICES representative and Steve Hay is also a member on the Committee of 
the ICES/ PICES/ GLOBEC Fourth International Zooplankton Production Symposium. (Japan 
28 May to 1 June 2007 in Hiroshima). The symposium is announced on PISCES and ICES 
web pages. WGZE felt that the ICES page needs some work to be made more demonstra-
tive. Backers and steering committee have good international representation. ICES have 
agreed to support the symposium with DKK 10,000. The announced Theme for the sympo-
sium is: Human and Climate Forcing on Zooplankton Populations.  One day is for work-
shops, four lecture and posters days, and one free afternoon. Symposium papers are to be pub-
lished as agreed in the ICES Journal of Marine Science. For the BASIN workshop, the IOC 
SCOR WG on Global Zooplankton, the Mediterranean Group and many others, the sympo-
sium will be a good venue to present summaries. WGZE suggest an expert in paleoclimatol-
ogy/paleoceanography, such as Prof. W.F. Ruddiman, might be invited to give a keynote 
speech with a broad perspective. In Japan the focus is likely to be strong on the Pacific but 
there should be good representation from Atlantic research centers. Various themes were sug-
gested; species diversity comparisons, use of biochemical methods, descriptions of time-
series, seasonality and phenology, and indices of ecosystem status and function. WGZE 
should work on these ideas and communicate to Luis Valdes and WGZE next year. 
iii) a “virtual” workshop to further the collaborative comparison and analyses ---. 
Web presence is seen by many as a big problem for ICES. Development is not up to speed, but 
we assume and hope that effort is being made.  When ICES could not support this initiative, 
Todd O’Brien has done so instead, with a website to service WGZE (HUhttp://www.wgze.netUH). 
He deserves our and ICES thanks and support in this. Another example of the benefit ICES 
receives from the enthusiasm of scientists involved. A major reason for this originally pro-
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posed WGZE and ICES-run website was to provide support for the process of collat-
ing/analysing data for REGNS. An example of such collaboration is the trans-latitudinal study 
of Calanus helgolandicus ecology (Bonnet et al., 2005).  ICES should develop ways to credit 
authors and data providers so that they learn to trust such a system. 
 iv) a further taxonomic workshop to advance the Fiches plankton ID sheets --. 
ICES Fiche Plankton Identification sheets are now available on the ICES website and can be 
ordered on CD or downloaded as PDF files. The website is hard to navigate to get to the 
online downloadable pdf files and should be improved. Alister Lindley at SAHFOS is the 
present editor and there are some developments. He has a very hard job to get rapidly dimin-
ishing experts to prepare sheets for free. There is very poor funding for such taxonomy and 
little time or tolerance for this work. Previous and successful taxonomic workshops have been 
held (two sponsored by ICES/WGZE and one by CMarZ in Japan. Baltic research teams have 
also a history of practical workshops. WGZE agreed that another is needed with focus on ge-
latinous and macroplankton. WGZE calls for another ICES-sponsored Zooplankton Taxo-
nomic Workshop to be held again at SAFHOS/MBA in 2006, they have facilities and exper-
tise. 
Outwith ICES, the EU MARBEF Network project, ETI biodiversity work and increasing ap-
preciation of the “hidden” taxonomy talents in Russia and the eastern European countries were 
all noted. World Association of Copepodologists (WAC) do good work in disseminating 
knowledge and training (workshop in Tunisia in 2005 very rapidly oversubscribed). A Census 
of Marine Life – Census of Marine Zooplankton (CMarZ) initiative seeks to describe holo-
zooplankton globally and to tie traditional morphological approaches and molecular genetics 
(ZooGene and species barcoding). A growing number use molecular genetics to support and 
enhance taxonomic and ecological studies. Examples were discussed in relation to enabling 
ecosystem approaches. Use of taxonomic centres in Poland and elsewhere reflects economic 
arguments but mainly a lack of taxonomic expertise in many western EU countries and the 
US. There are quality assurance issues and more is needed to enhance taxonomy training. Dis-
semination and revision of literature, manuals, etc., for taxonomic identification is required 
before experts become extinct.  
v) discussion to be held during the 2004 ASC and intersessionally to co-
ordinate the conjunction of the zooplankton and phytoplankton monitor-
ing reports ---. 
The Chair had been unable to attend the 2004 ASC as it seems so did most of the working 
group of phytoplankton ecology. WG HABD has expressed support for status reports and ear-
lier provided some names of phytoplankton monitoring contacts. Oceanography Committee 
(OCC) discussion suggested disbanding or merging WGPE, possibly with WGZE. Resisted by 
Luis Valdes at the OCC meeting, and WGZE support him in this. ICES WGPE/ WGHABD, 
and WGZE cover an enormous subject range of species and areas. It is too complex to manage 
all together and one annual meeting could not cover the ground. It is increasingly important to 
develop cohesive, ecosystem approaches through status reports. It is important to get phyto-
plankton into the PSR alongside summary physics and nutrient data. There should at least be 
an extensive collection of metadata, including contacts, to encourage further efforts at synthe-
sis and collaborative analysis. WGZE have a standardised approach and PSR format, it is pos-
sible to expand with an accepted format and a dedicated collection/ description/ submission of 
phytoplankton data. 
ToR f)  Review and consider the role of meroplankton ---. 
Meroplankton may often represent over 70% of all meso-zooplankton abundance, though 
whether on average this is correct was debated.  However in shelf seas, where meroplankton 
often dominate and which carry about 95% of the fish yield, there the meroplankton have high 
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importance to regional and species productivity in terms of biomass, growth, spatial distribu-
tion and seasonality. WGZE agreed that meroplankton is not well studied either by the zoo-
plankton or the benthic ecologists. Some examples of spatial and temporal distributions of 
meroplankton were presented and discussed from three different regions, namely Gulf of 
Gdansk (Poland), Stonehaven (North Sea) and the Portuguese coast. Meroplankton species 
communities change greatly between regions, since they reflect the benthic system which is 
much more diverse than the plankton. Some meroplankton species are quite sensitive to tem-
perature changes and are therefore good candidates as indicator species for climate change. 
This sensitivity may cause change in time of spawning, rather than magnitude of the effect. 
Meroplankton is of interest especially in terms of recruitment and importance to fisheries 
(mainly for the eggs and larvae of fish and larvae of commercial decapoda and mollusca). 
Other ICES groups have considered these topics, namely WGRP, BEWG and SGCRAB.  
Species identification is the most important problem preventing meroplankton study but ad-
vances in taxonomy and genetics will improve the situation. 
ToR g)  Review progress with ICES Data Management ---. 
This subject raised both recurring interest and frustration in discussion and a strong feeling 
among those present that the complexity of plankton communities, sampling strategies and 
differing analytical approaches is confounding the use of ICES data formats with too much 
detail. While there was agreement that this reflects the reality of the data, often this requires 
too much effort by the data providers to reformat their data to provide to ICES. Demands will 
inhibit data provision and exchange, may put many off making the effort to recast their data 
format and result in lost data. More general approaches are more flexible and simply gather 
the data in whatever form, leaving the provider free to contribute without great effort on for-
matting. Central data deposition is good for physics and chemistry, but hard for biology and 
not necessarily productive as often errors may be propagated very fast and data misinterpreted. 
Greater emphasis on metadata collection and advertisement would catalogue more and en-
courage contact and collaboration between data holders. ICES has a good data model as an 
example to follow. Issues of data ownership and publication rights are still live issues with 
many scientists, which inhibit data exchange, collaborative analyses and submissions to data 
centres. This is particularly so for biologists who may have spent years of laborious specialist 
work generating the sample analysis from even a single set of samples. WGZE suggest a start 
with metadata collection of complex biological data; Plankton Status Report/ HELCOM data 
as examples. ICES should encourage synthesis workers to approach data holders to collaborate 
in their efforts and analysis; this aids data verification and widens collaborative approaches. 
Note also that much data is still in paper or computer record formats, funding is poor to im-
possible for data retrieval or backward looking efforts. Many others are attempting central 
data storage.  
AOB 
Contacts between WGZE, WGRP, and WGCCC, have resulted in an ICES/GLOBEC “Work-
shop on the Impact of Zooplankton on Cod Abundance and Production [WKIZC]” held at 
ICES Headquarters in Copenhagen, 7–9 June 2005. This meeting is of considerable interest 
and expected to be productive. 
A series of Terms of Reference were proposed for the WGZE meeting next year. 
It is proposed to hold the next (2006) meeting of the ICES Working Group on Zooplankton 
Ecology in Villefranche, France during the week 27–31 March, kindly hosted by Dr Gabriel 
Gorsky of the Observatoire Océanologique. 
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2 Opening of the meeting  
The ICES Working Group on Zooplankton Ecology [WGZE] (Chair: Steve Hay, UK) had a 
convivial and constructive meeting, at the invitation of Dr Maria Emília Cunha and hosted by 
Dr Maria Manuel Angélico and colleagues in the INIAP/IPIMAR, Fisheries Research Insti-
tute, Lisboa, Portugal. The meeting began 1200h on 4 April ending 1200h on 7 April 2005. 
There were 22 attendees at the meeting represented 14 ICES Member Countries. Seven mem-
bers not able to attend (including representations from three other ICES Member Countries) 
sent written submissions or presentations to contribute. We also welcomed three new partici-
pants from the Baltic Seas Regional Project at our WGZE meeting. 
The meeting opened with some words of encouragement from the Chair, a round of introduc-
tions and a welcome and comments on the housekeeping arrangements from our hosts. The 
agenda for the WGZE meeting (Annex 2) addressed the Terms of Reference set out as resolu-
tions by the ICES 2004 Annual Science Conference and Statutory Meeting and was adopted 
and discussed as follows. WGZE will report to ACME and to the Oceanography Committee at 
the 2005 Annual Science Conference.  The terms of reference for this meeting were: 
ToR a) Update of the annual ICES plankton status report. It is planned to extend it to new 
sites and include concurrent hydrographic data, phytoplankton series and advances in monitor-
ing technologies. 
ToR b) Future development and collaborative approaches in plankton time-series measure-
ments and interpretation, including collaboration with global synthesis attempts and regional 
comparisons. 
ToR c) Comparison of geographic and seasonal patterns across the range of plankton monitor-
ing sites in the ICES area with emphasis on key species; approaches and preparation for North 
Sea ecosystem assessment (REGNS). 
ToR d) Consider multivariate statistical methods and other models as means to evaluate and 
assess zooplankton population and community dynamics in relation to environmental factors, 
ocean climate changes and fisheries assessment. 
ToR e) Review preparations and progress towards: 
i) a workshop on enzymatic and other biochemical and molecular methods to meas-
ure or assess rate processes in zooplankton. 
ii) the 4th international zooplankton production symposium to be held in Japan 2007. 
iii) a “virtual” workshop to further the collaborative comparison and analyses of 
plankton time-series and other zooplankton data in the North Sea areas. 
iv) a further taxonomic workshop to advance the Fiches plankton ID sheets, also to 
encourage the training and retention of plankton taxonomic skills. This should focus 
to a large extent on gelatinous plankton taxonomy. 
v) discussion to be held during the 2004 ASC and inter-sessionally to co-ordinate the 
conjunction of the zooplankton and phytoplankton monitoring reports into the ICES 
Plankton Status Report. 
ToR f) Review and consider the role of meroplankton in pelagic shelf seas ecosystems and 
their contribution to productivity in these areas. 
ToR g)  Review progress with ICES data management of biological information. 
AOB 
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3 Discussion - ToR a) Update of the annual ICES Plankton 
Status Report. It is planned to extend it to new sites and 
include concurrent hydrographic data, phytoplankton se-
ries and advances in monitoring technologies 
Discussion opened with consideration of improvements to the existing Status Report. This is a 
central contribution from our WG to ICES and the science community and is our fifth sum-
mary on zooplankton monitoring results in the ICES area. This issue also includes phytoplank-
ton data in some locations coincident with the zooplankton sampling. This year’s report is also 
improved with five new data series (Baltic Sea - 3 Barents Sea - 2). Thus 18 collections this 
year, increased from 10 in the first report. Additionally, SAHFOS has contributed a general 
overview of SST, phytoplankton colour index and copepod abundance for the entire North 
Atlantic which gives context for the regional time-series results and puts the data in a basin 
scale context. Surface temperature is also provided in 4 of the 18 collections with the objective 
of extending this parameter to all the data sets in the near future. A number of WG members 
had sent in data to present and contribute although unable to attend the meeting. Examples 
include data on the Atlantic Zone Monitoring Program on the Scotian Shelf of Canada. 
The Status Report has reached a complexity level that merits citable publication. Presently the 
Plankton Status Report is an Annex to the WGZE report and an ICES web product. As such it 
cannot be easily cited, or recognised as an official ICES publication. The ICES Publications 
Committee invited us to publish the report as an ICES Cooperative Research Report, approved 
in the ICES resolution 1C05/2004 of the Publications Committee. The WG agreed that this 
format is a good medium for annual publication of the Status Report. This promotes the work 
of ICES Expert’s Groups, in an ICES product more accessible to scientific community.  
During the annual meeting of the OCC at the last ASC (Vigo, 2004) it was suggested we dis-
cuss the harmonization of units (mP2P and mP3 P) and metrics (abundance, biomass) used in the 
Zooplankton Status Report. Regarding the metrics, data are presented in biomass (Icelandic-
Norwegian basin) or abundance (Canada, Baltic Sea, North Sea, English Channel, Bay of Bis-
cay and Iberian coast), with only one data set expressed as abundance in number of organism 
per sample (CPR), and another expressed in plankton volume (Georges Bank) (Table 1).  
 Abundance and biomass are variables that allow for easy comparison, so we do not consider 
this is a decisive factor affecting the utility of the summary results presented in the status re-
port. The main reasons for use of either are linked to the sampling programmes. For time-
series based on restricted monthly or weekly sampling where identified species counts are 
made, then abundance is a better expression than biomass. Biomass is a measure used mostly 
in sampling programmes based in large surveys, when hundreds of samples are obtained and 
where microscope counts are unrealistic and usually uneconomic; however, new automated 
techniques may soon alter this situation).  The point was also made that the Status Report is 
intended as a summary comparison and “taster” for the data. Individuals or groups interested 
in compiling or working on aspects of these data have access through the metadata to the 
originators and data owners. WGZE is interested in working towards an overview and com-
parative analysis and our latest report does move to provide such comparisons. 
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Table 1: Comparison of sampling collections: Frequency and units. 
DATA SET SAMPLING FREQUENCY UNITS 
Georges Bank Spring-Fall Disp. Volume ml/mP3P 
Emerald Basin (Scotian Shelf) Spring-Fall Abund. Ind/mP2P 
Gaspé Current (St. Lawrence Estuary) Monthly Abund. Ind/mP2P 
Anticosti Gyre (St. Lawrence Estuary) Monthly Abund. Ind/mP2P 
Siglunes (North Iceland) Yearly Biom. DW gr/mP2P 
Selvogsbanki (South Iceland) Yearly Biom. DW gr/mP2P 
Faroe Islands Yearly Biom. DW gr/mP2P 
Svinoy (Norwegian Sea) Quarterly Biom. DW gr/mP2P 
Norwegian Sea Yearly Biom. DW gr/mP2P 
Arkona Basin (Germany, Baltic Sea) Monthly Abund. Ind/mP3P 
Helgoland (Germany, SE North Sea) Monthly Abund. Ind/mP3P 
Stonehaven (Scotland, NW North Sea) Monthly Abund. Ind/mP2P 
Plymouth (English Channel) Monthly Abund. Ind/mP3P 
Santander (Southern Bay of Biscay) Monthly Abund. Ind/mP2P 
La Coruña (NW Iberian Peninsula) Monthly Abund. Ind/mP2P 
North Atlantic (SAHFOS) Monthly Abund. Per sample (~3 mP3P) 
Many collections express their results in numbers/mP3 P(density) but others use numbers/mP2P be-
low sea surface (standing stock), where possible we have converted mP3P into mP2P.  Why mP2P or 
mP3 P? Density is generally highly variable with depth, choosing /mP2 Pavoids variability in organ-
ism numbers and distribution due to physics or migrations in a depth varying water column. 
This conversion is unnecessary when the sampling integrates the organisms in the water col-
umn, which is mostly the case. Also, when the sampled water column is constant then conver-
sion from depth averaged mP3P to mP2P is a direct multiple of the sampling depth, without any 
changes in proportions. This discussion concluded that questions on the measures and units 
are not trivial but we have to accept that both are valid and consistent approaches.  The WG 
noted too that SAHFOS CPR team do not routinely use either mP3P or mP2P, but a unit of sampling 
assumed as equivalent to abundance per 3 mP3P. This is driven by their consistent historical 
methodology, which in fact means their data are a little difficult to compare with other collec-
tions but remain internally consistent.  
Plankton sampling mesh size really is very important when comparing abundances or biomass 
between different data sets. We recognise this, but also see that established monitoring pro-
grammes will not change the continuity of their time-series by changing mesh sizes simply 
because there may be a preferred standard. In the course of discussion, it was put forward that 
difficulties in the inter-comparisons of data sets are often avoided when trends are compared. 
From a statistical point of view, trends are likely to be more important that methodological 
details. Work by Todd O’Brien also compared data sets by dividing the yearly mean anomaly 
values against the anomaly-mean itself, this yields a normalized unit free reference of relative 
variability. It also means that the variability of different time-series can be inter-compared 
without being affected by metrics, units or sampling gears. These re-analyses will be incorpo-
rated to the Status Report as a means to integrate patterns in all the data within a single plot.  
The discussion continued on the inclusion of key hydrographic data in future status report edi-
tion. There was a general agreement on the importance and relevance of these data and con-
sidered details such as the depth at which the temperature or any other parameter should be 
measured/given. It was accepted that, at this stage in the report’s evolution, the surface tem-
perature and (if possible) the temperature at the maximum sampling depth will be enough to 
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deal with in the short term. Our SAHFOS member noted that SAHFOS sent a general over-
view of the North Atlantic including temperature data. This year a new section will be added 
to the Report’s discussion in which the abiotic parameter temperature is that which explains 
most of the variance of the plankton anomalies. This part of the discussion ended with a com-
ment on the inclusion of the general climate indices such as the NAO index, which will be re-
considered in the next meeting. 
The backbone of the status report is the time-series of abundance/biomass, but the WG believe 
that other material can be usefully incorporated and presented in a more informal way (e.g., 
boxes with key or exemplary information). This would to some extent avoid the difficulties 
imposed by attempts at standardisation and could highlight interesting information and obser-
vations. It was noted that whereas key species may often be the dominants or indicators, even 
the lowest abundance perceived is an important reference point for new species occurring in 
an area.  
Examples of good improvements could be: 
• The inclusion of a table with the ten top species at sites where this in-
formation is available (perhaps both the ten top species for a year and 
the ten top species over all time-series); 
• The time-series of selected key species (e.g., warming indicators such as 
Temora stylifera); 
• Indications of unusual events (e.g., Penilia avirostris records in 2004 in 
Helgoland, blooms of gelatinous species, etc.);  
• Shifts in patterns (e.g., meroplankton appearance in Helgoland, length of 
seasons, new species, disappearance of others);  
• Introduction of alien species (e.g., Cercopagis pengoi in the Baltic Sea). 
There was discussion of the inclusion of chlorophyll and phytoplankton data. The WG Phyto-
plankton Ecology has not really managed to produce an equivalent output, or good support for 
the ICES Plankton Status Report. This is seen as unfortunate. WGZE is still eager to extend 
the metadata on all plankton monitoring sites and series and to expand the exemplary datasets 
to include at least chlorophyll. While we have managed to gather some phytoplankton data 
into the current Status Report this issue will remain a discussion item until better resolved. 
Although we have included some such data interpretation of the zooplankton time-series is 
compromised due to this broader lack of phytoplankton data. There are also still a number of 
ICES countries that have plankton time-series but do not provide data for the report; WGZE 
would encourage their participation. 
Discussion moved to advances in monitoring technologies, Xabier Irigoien presented an intro-
duction to the GLOBEC/ SPACC workshop on "Image analysis to count and identify zoo-
plankton" (ZooImage), to be held at San Sebastian, 1–3 November 2005, organized by Xabier 
Irigoien, Philippe Grosjean and Angel Lopez Urrutia. 
The WG noted that while zooplankton samples are traditionally collected with plankton nets 
and analyzed by taxonomists using a stereomicroscopes and identification keys, this work is 
slow, labour intensive and requires highly-specialized, well-trained and increasingly rare peo-
ple. With the current and progressing advances in image acquisition and analysis and machine 
learning, the analysis of digitized plankton images can now support, ease and speed-up the 
work of these taxonomists. Xabier demonstrated how the image analysed data look (using his 
own software PVA (download free at HUhttp://www.azti.esUH). Comparison between microscope 
counts and image analysis look very similar. Accuracy of digital software image sample 
analysis is up to about 80% when compared with plankton experts working traditionally. 
Automation allows things that microscopy logistics make hard to do otherwise (e.g., egg size 
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distributions) and image analysis software can be either bought from proprietary sources or as 
share/ freeware downloads (e.g., Image Tools - http://ddsdx.uthscsa.edu/dig/itdesc.html) 
These approaches are not free of criticism. In fact there remain some severe constraints. Ex-
amples mentioned (1) sea and sample turbidity are limitations on this technique, (2) particle 
coincidence in images can also confound the system, (3) coincidence in the shapes of different 
species, of copepods for instance, diminishes the resolution of species recognition (4) there is 
a strong dependence on clean (detritus is problematic) and well contrasting images (staining 
helps) and expert training of the “intelligent” software by (available?) taxonomists. Neverthe-
less, by using image analysis, abundance and sizes (including many varied measurement 
types), with various degrees of taxonomic resolution, can be easily monitored with cheap and 
fast systems that do not destroy the sample. Results also allow for easy comparison with other 
data sets. The planned workshop at San Sebastian from 1–3 November 2005 is a very wel-
come and necessary attempt to; (1) expand these methods within a wider community, (2) 
evaluate the quality of these technologies and (3) create a network of experts. Although this is 
a GLOBEC workshop, the ICES WGZE strongly supports this initiative and will appreciate 
the main results and conclusions being reported to the group at its 2006 meeting.  
Philippe Grosjean sent some thoughts to be presented through the Chair about the Free Tools 
to analyze zooplankton which will be a major part of the workshop topics. P. Grosjean noted 
that in a context where various zooplankton series are collected and analyzed together, like in 
the ICES WGZE, one needs common tools and methods to analyze samples, but, most impor-
tantly, to homogenize measurements. The analysis of digital images of zooplankton brings an 
opportunity for such a homogenization, if everybody agrees on a common framework. Free 
software, with source code distributed and editable by all (Open Source License), is a good 
basis to develop such a common framework. The recently created Laboratory of Numerical 
Ecology of Aquatic Systems (Mons-Hainaut University, Belgium) is willing to develop and 
promote such free tools. Other examples are FLR (Fishery Libraries in R, see 
http://www.commit-fish.info/flr), PASTECS (Package for the Analysis of Space-Time Eco-
logical Series, see http://www.sciviews.org/pastecs), and SciViews-R (a Graphical User Inter-
face on top of R, aiming to ease its use by biologists, see http://www.sciviews.org/SciViews-
R) that P. Grosjean’s group co-develops with other partners (LOV, CEFAS, AZTI, …). 
Similarly, together with Xabier Irigoien and Angel Lopez-Urrutia, they would like to jointly 
initiate a common framework for the analysis of digital images of zooplankton, using free 
tools. The starting point of this common framework will be the “ZooImage” workshop that in 
San Sebastian. (see also the web site HUhttp://www.sciviews.org/zooimage/index.phpUH ) P. Gros-
jean asked that interested people contact him by email on the question of developing such free 
tools (Philippe.Grosjean@umh.ac.be). 
P. Grosjean presented his idea of what the main points of that framework will be: 
• Should be done exclusively with free (and if possible, open source) soft-
ware, like ImageJ and R; 
• Should work on any kind of computer (PC under Windows or Linux, 
Mac OS X, Unixes); 
• Should be able to import and work with images of different origin (Zoo-
scan, of course, but also FlowCam, digitals pictures taken with a binocu-
lar + digital camera,… and possible with tools like VPR, Sipper, etc., if 
there is an opportunity and interest to extend the software to such sys-
tems); 
• Should be freely distributed through the internet; 
• Learning should be facilitated thanks to courses / training sessions like 
during the ZooImage workshop; 
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• Should provide a simple and easy GUI (Graphical User Interface) for 
most users; 
• Should provide advanced tools for statisticians/programmers in order to 
allow customization; 
• Everybody in the scientific community should be able to freely contrib-
ute to its development, but a core team will be responsible of its mainte-
nance; 
• The first working version will be available just before the ZooImage 
workshop, beginning of November. 
P. Grosjean also noted that, together with BioTOM who manufacture the Zooscan, the devel-
opment team will take care of bidirectional compatibility. It should be noted the Zooscan uses 
many optimized (but very expensive) pieces of software, which make it much faster to process 
very large images that the free tools will be able to. Indeed, the framework will be built more 
as a support to the Zooscan system, providing support with additional tools, not as a concur-
rent product. We expect to achieve the same complementarities with other commercial sys-
tems like the FlowCam in the future. We expect also to develop compatibilities with the high-
resolution zooplankton image database that Phil Culverhouse is willing to develop.    
The Group discussed newly developing digital imaging technologies and the use of video 
plankton recorders. It was noted that the techniques work quite well for macro plankton. 
Where nets for example may miss small patches of species such as euphausiids or jellyfish, 
video, measuring in situ can be better. However for mesoplankton there are major limitations 
in volume sampled and with data handling of high resolution images. For microplank-
ton/phytoplankton flow cytometers and combination devices such as “Flowcam” can be very 
effective. A lot of the new technology is now coming very fast and brings new sampling prob-
lems. It is also recognised however that our old net systems still have many problems such as 
such as variable size fractionation by meshes used, clogging by phytoplankton, they may de-
stroy fragile species and manual microscopy is very laborious and expensive. Digital imaging 
allows automated analyses and ease in revisiting/checking where strange results are found. 
There are new possibilities in that digital images can be made and sent to a place that does the 
analyses and sends back the results. Wider application and sampling may be possible with 
sampling work in coastal regions done by trained but inexpert volunteers with a central lab 
doing the sample processing. Pond Watch in the south eastern USA is example of the use of 
volunteers to get very useful monitoring data from coastal regions. 
After a coffee break the WG restarted with a talk by Gabby Gorsky, invited by WGZE as vis-
iting representative of CIESM, based at Laboratoire d’Oceanographie, Villefranche sur Mer, 
France. He had co-chaired a CIESM round table meeting in June 2004 in Barcelona on the 
Harmonisation of Zooplankton Time-series, which Luis Valdes of ICES WGZE attended at 
their invitation. G. Gorsky emphasised the need for coordinated and cooperative approaches to 
plankton monitoring and time-series. His presentation to WGZE was about CIESM efforts 
“Toward A Concerted Action For Zooplankton Studies In The Mediterranean”. G. Gorsky is 
leading a Zooplankton Indicator Project with the themes; 
1 ) past and present status of zooplankton; 
2 ) improving expertise in taxonomy; 
3 ) identification of global change impact on the Mediterranean;  
4 ) data treatment and management; 
5 ) relationships with fisheries. 
His project is trying to build bridges to ICES CoML, GOOS, IMBER and EU programs. He 
stated that the present emphasis is on harmonization of sampling, sample treatment and data 
analysis. A key activity is building a metadatabase of sites and sampling. There are a number 
of good time-series in the Mediterranean including some CPR data. There are northern species 
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that do occur in the Mediterranean so there are direct links with plankton ecology in the north-
east Atlantic and shelf seas. A good example of possible output is the recent paper by Del-
phine Bonnet and many others (data from 18 laboratories and 26 sampling stations) on An 
overview of Calanus helgolandicus ecology in European waters. It was noted by WGZE that 
such collaborations should be actively pursued by plankton ecologists and encouraged by 
ICES and other such organisations. The sea and the weather cross borders at will, so does the 
need for research ideas and funding. The idea was suggested of having a joint meeting like for 
ICES/PICES with the CIESM plankton group. It was pointed out that some time is needed to 
develop this and because things politically complex, it might not happen very soon. The 
thought was that perhaps about 2007 for holding a joint meeting, perhaps in concert with or 
soon after the zooplankton symposium. Alternatively Gorsky suggested he and the Mediterra-
nean group might host a meeting, not necessarily sponsored by ICES. He offered to host the 
next WGZE meeting in his institute, which would enable Mediterranean, scientists’ some op-
tions for meeting with WGZE members. 
G. Gorsky is involved in the French financed ZOOPNEC pilot study with 7 laboratories in-
volved in the NW Mediterranean. They are holding a workshop in October to create a network 
of experts and work to harmonise methods. They are striving to apply new techniques, con-
duct retrospective analyses of time-series and surveys, implement databanks, improve avail-
ability of information and encourage outreach efforts. The group want to fill out the entire 
MEDAR/Medatlas database for the Mediterranean. The study will involve instrument inter-
calibration and new collection techniques such as improved nets and the Zooscan system (now 
a commercial system and this image technology may be the most efficient way to deal with 
many samples in the future). The Zooscan Image Analysis yields about 30 different measures. 
Comparing the slope of size spectra with diversity measures gives parallel patterns throughout 
the year.  There is general concern about the lack of taxonomic expertise in Europe. He re-
marked that there are still a number of taxonomists in eastern Mediterranean areas, which 
WGZE is aware is also true in the north eastern European countries. 
G. Gorsky’s group are concentrating on looking for indicator species rather than biomass or 
abundance. An example is rare Acartia species, with assemblages positively correlated to 
NAO spring bloom relationship; negative relationship to summer blooming. The disappear-
ance of a once common larvacean species from the Mediterranean was mentioned, indicating 
changes in inflow from the Atlantic. His group has also had problems bringing together qual-
ity data from zooplankton time-series and cruises.   
Luis mentioned that the copepod Temora stylifera is showing a biogeographical shift, moving 
north. Peter Wiebe also mentioned that there is a Temora species doing the same thing in the 
NW Atlantic. Steve Hay has noticed new species appearing at his Stonehaven monitoring site 
in the north eastern North Sea and that CPR has shown such trends in the area. Astthor has 
found new species of fish in Icelandic waters, but they have not yet really been looking for 
new zooplankton because of limitations in their sample analysis methods. Eilif Gaard noted 
that Calanus hyperboreus has disappeared from their samples at Faeroe. He also said that 
north of the Faeroe Islands the reproduction of Calanus has historically started later in cold 
water, but is now changed and starting earlier with a change in the cold water regime of 1 to 2 
degrees. Another point raised was that the timing and intensity of the spring bloom and other 
events may have altered, even if new species have not been seen plankton production and spe-
cies survival could be affected. The group felt that the more of this kind of information that is 
illustrated and presented the better and the Plankton Status Report is a good forum to present 
such things.  
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4 Discussion - ToR b) Future development and collaborative 
approaches in plankton time-series measurements and 
interpretation, including collaboration with global syn-
thesis attempts and regional comparisons.   
WGZE suggested last year that ICES should play a lead role to maintain at least a database of 
metadata for the North Atlantic (and the Mediterranean – in moves to collaboration/ globalisa-
tion). The metadata inventory of the Plankton Status Report, ICES held HELCOM data and 
ancillary data serve as examples and a good starting point. Links must also be established with 
other data centres holding plankton data. It was emphasised that time-series must be gathered 
together and used to create synthesis and to make the data more widely available.  
G. Gorsky described the work in CIESM to facilitate analysis of historical and new time-series 
of the Mediterranean phytoplankton and zooplankton, and the harmonization of sampling, 
with the aim to bring together a synthesis of environmental and plankton data.  
Continuing from last years meeting discussion, Todd  O’Brien presented information on the 
newly established SCOR Working Group 125,  “Global Comparisons of Zooplankton Time-
series”, Chaired by D. Mackas (Canada) and H. Verheye (South Africa). The goal of this WG: 
A global analysis of zooplankton decadal variability (i.e., to do for zooplankton what SCOR 
WG98 did for small-pelagic fishes). This idea grew out of a session (organized by Ian Perry 
and Hal Batchelder) at the 2003 International Zooplankton Production Symposium in Gijon. 
In summary the SCOR WG Terms of Reference are: 
• Form a globally representative set of “long zooplankton time-series”. 
• Facilitate transfer of data sets to a secure electronic archive. 
• Develop, test, and share protocols for data summarization & statistical 
analysis. 
• Compare zooplankton time-series using a suite of numerical methods. 
Examine: 
• Correlation structure (time scale and spatial pattern); 
• Synchronies in timing of major fluctuations; 
• Likely causal mechanisms and consequences; 
• Sensitivity and specificity of the data-analysis tools;  
• Develop priorities and recommendations for: 
• Future monitoring efforts; 
• Additional processing of existing sample archives. 
One major aim is to investigate zooplankton as the key link between “physics” and “fish”. It 
was noted that zooplankton sampling methods are relatively simple, inter-comparable and 
fishery-independent. Time scales of zooplankton population response (~1 year or less) gives 
good tracking of climate forcing at inter-annual/decadal time scales. Long zooplankton time-
series are now available from several different parts of the ocean and there are recent im-
provements in tools for data analysis & data exchange/management. 
A range of data is available across many sites, mostly net tows (various mesh sizes), though 
some hydro-acoustics & optical measures. These yield total biomass (most locations), Com-
munity abundance/composition (~20% so far but increasing, varying coverage & resolution), 
seasonal timing of life cycles in relation to environments (phenology – available for a few 
mid-high latitude sites), biochemistry (genetics/ condition). 
Data analyses includes many within-region analyses recently completed or underway. A range 
of statistical analysis methods are applicable, such as raw time-series, anomalies from local 
14  |  ICES WGZE Report 2005 
 
seasonal climatology, multivariate ordination & classification, CuSum and other indicators of 
trends & transitions. Typical findings are large decadal variability in biomass (3–5x), larger 
decadal variability in community composition/ species ratios (10–50x), significant correlations 
with climate and fishery indices ( |r| ~ 0.3–0.8 ), meridional and zonal shifts in boundaries and 
shifts in seasonal timing at multiple trophic levels ( ~1 month or more). The next steps are 
global comparisons of these regional time-series looking at amplitude of variability, time 
scales of variability (interval and steepness), composition and sequencing of alternative sys-
tem states and synchrony. Initial results are exciting. 
Deliverables for the SCOR WG; 
• Compilation & comparative analysis of 6–10 long zooplankton time-
series (Symposium & peer-reviewed publication, 2007–2008); 
• A data-analysis “tool-box” (available online in 2006?). 
Priorities and recommendations for future sampling and data-archaeology (2006–2007?). 
Also probable: 
• Improved knowledge of how & why marine ecosystems respond to cli-
mate; 
• Improved buy-in and access to a global zooplankton database; 
• More efficient sampling and sample-processing; 
• Raise profile, credibility & management applications of “ecosystem ap-
proach”. 
The next step will be global comparisons of the regional time-series. The WG will not produce 
a complete global zooplankton database (or set of inter-operable regional databases) on a 
SCOR WG budget but will motivate others to work toward this goal. A potential data-base 
framework is now in development by US NMFS (run by Todd O’Brien - Copepod ). Todd 
O’Brien is a member of the SCOR WG and will learn from the techniques used in the WG and 
provide feedback to WGZE. The SCOR WG wishes another one or two Atlantic regions 
members, and would greatly welcome ICES sponsorship of this. WGZE contributes to 
the SCOR WG with data and expertise and Luis Valdes, Expert in southern temperate 
Atlantic and Mediterranean plankton, has volounteered as a further associate member 
of the SCOR WG. WGZE appreciate the suggestion from SCOR WG for another ICES 
sponsored Norwegian Sea/North Atlantic associate member, Webjorn Melle was sug-
gested but his participation will depend on ICES sponsorship and some funding support 
for travel and subsistence. WGZE agreed that it should also contribute to the SCOR WG by 
starting analyses of “own” data (reported in the Status Report) and then coordinate with SCOR 
findings for other regions and consider SCOR WG methods.  
Piotr Margoński introduced the group to the zooplankton and ichthyoplankton activities of the 
Sea Fisheries Institute, Gdynia, Poland (BSRP), a lead laboratory within the GEF Baltic Sea 
Regional Project. Activities on zooplankton and ichthyoplankton comprise: Intercalibration of 
sampling and analytical methods, zooplankton taxonomy training, procurement of necessary 
monitoring equipment, to increase participation and contribution to the ICES Working Group 
on Zooplankton Ecology (WGZE), and establish contacts and cooperation with other Baltic 
Sea research projects studying the role of zooplankton (e.g., GLOBEC-Germany), and to pro-
pose zooplankton indicators for ecosystem based management of the Baltic Sea. A range of 
different approaches to produce plankton indicators was presented, showing the long history 
of ecosystem approach to management within the Baltic scientific community. A new CPR 
line between Gdynia and Karlskrona in Sweden with a finer mesh size (nylon 100 μm) and 
battery driven sampling in periods representing 5–10 nautical miles has been established. 
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Margoński’s introduction was followed by a discussion of standardisation of sampling meth-
ods. It was argued that standardisation of sampling methods is not easy because this is linked 
to ongoing long-term time-series. The group noted that mesh size and taxonomy is critical 
with respect to standardisation. It was suggested that WGZE should adopt the “Baltic” meth-
ods (workshops and “ring tests”) of intercalibration of taxonomic skills and expertise, present-
ing this as an ICES initiative from WGZE.  It was noted again and with some despair that 
zooplankton is not included in many European monitoring activities, e.g., EU Water Frame-
work Directive, OSPAR etc. It is hoped that newly developing EU Strategy Documents might 
begin to refer to zooplankton more effectively. In previous years WGZE has repeatedly noted 
and argued against this gap in regulatory consideration which encompasses nutrients/ phyto-
plankton/ eutrophication, then benthos/ habitats and impact assessments and then fisheries/ 
birds and mammals, but requires no zooplankton status assessment. This is extraordinary 
given that zooplankton has been the primary research focus in recent times that has demon-
strated regime shifts and climate change in shelf seas and at basin scales. Zooplankton is the 
link between primary production, benthic production and fisheries production in normal, eu-
trophic, oligotrophic, exploited or polluted waters. Zooplankton is also easily and relatively 
inexpensively measured and there is a long, though often fragmentary, history of zooplankton 
monitoring as the ICES Plankton Status Report shows very well. An ecosystem approach in 
policy should also be promoted. 
The possible closing down of the Portugal CPR route was raised as an example point of con-
cern, amidst general concern about the recurrent closing down of various zooplankton moni-
toring sites over the years and the consequent disruption of valuable time-series. Another ob-
vious example was the stopping and restart of the CPR route off the eastern Canadian sea-
board with the unfortunate gap timed with a fisheries collapse. Carlos Mendes gave a short 
presentation which illustrated the insights that this west Iberian Peninsula CPR route had al-
ready given. Portuguese waters are important in several respects, both regional and global. 
They are at the northernmost limit of the eastern Atlantic upwelling System, they partially 
incorporate the eastern edge of the Azores Front/Current System, and they are the main route 
for the dispersion of Mediterranean water into the Atlantic. Finally, they are an important area 
for the poleward transport of properties due to the Slope Current, the Iberian poleward flow.  
Being the southernmost area of ICES, this route’s data contribution enlarges the latitudinal 
range of CPR sampling and greatly enhances coastal station monitoring studies and other sci-
ence projects in the region. As plankton biogeographic changes associated with climate 
change become more and more evident, the assessment of the marine area off the west Iberian 
Peninsula assumes an increasing ecological importance locally, but also in ICES regional and 
global terms.  
Plankton samples have been collected monthly off the West Iberian Peninsula since 1958 with 
the Continuous Plankton Recorder (CPR) constituting the longest zooplankton time-series 
available off the Iberian coast. This invaluable data set for monitoring plankton has been inter-
rupted several times, whenever the budgets of the CPR survey program ran out. Since January 
2002 some funds from Portugal allow the maintenance of Iberian route, but those funds will 
end in December 2006. It is extremely important to maintain this sampling in order to preserve 
a long-term time-series allowing the assessment of possible changes in plankton communities 
and abundances and to aid understanding of these changes on the North Atlantic basin scale. 
The point was made that such time-series monitoring is often low key and inexpensive relative 
to many more “dynamic” but short term studies. However it is also true that such monitoring 
adds very much value as background to dynamic and reactive research studies and provides 
valuable validation data for modelling studies. This is especially true when results are consid-
ered alongside and integral to wider and other regional monitoring efforts around the world. 
WGZE agreed that this topic should perhaps be raised in an article published in a scientific 
magazine to bring the issue to wider attention. Zooplankton monitoring has suffered in the 
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past from a lack of science-political advocacy, mainly since it has often been perceived and 
presented as incidental to pollution, eutrophication or fisheries concerns. However, climate 
change and concerns about its consequences has begun to change hearts and minds, although 
not yet the science policy and regulatory frameworks which tend to ensure funding. Also, even 
though hi-tech advances are now beginning to enable zooplankton to be sampled at resolutions 
approaching those of physics and chemistry, there remains a need to ensure that these support 
rather than supplant data collection in long term monitoring of zooplankton. Consistency is 
essential to the value and statistical interpretation of these time-series. 
It was noted that the ICES WGZE is well placed to provide advice on why and how to monitor 
zooplankton. It was remarked that the Zooplankton Methodology Manual has now been 
widely accepted as a very useful publication, although parts of it could do with some revision 
by now. The group also agreed that WGZE should set out recommendations on what the sam-
pling program of any new monitoring sites should be, to be included in a ToR for next year. It 
was suggested that the group should begin by reviewing the work being done on analysis of 
zooplankton monitoring data and ecosystem indicators by the SCOR working group “Global 
Comparisons of zooplankton time-series” and the GEF Baltic Sea Regional Project. Based on 
this review and other considerations then recommendations for future monitoring sampling 
programs could be given. 
5 Discussion - ToR c) Comparison of geographic and 
seasonal patterns across the range of plankton monitor-
ing sites in the ICES area with emphasis on key species; 
approaches and preparation for North Sea ecosystem as-
sessment (REGNS) 
The Chair opened with remarks about the purpose of this session, noting that ICES looking for 
active outputs and products that can be used across disciplines and used for ecosystem status 
assessment and to inform management decision making. Discussion then noted that phyto-
plankton and zooplankton data from the CPR in the North Atlantic has demonstrated changes 
in biomass, community structure and zoogeography and phenology. For example zooplankton 
has decreased in CPR areas D1 and D2 of the North Sea and spring production has shifted to 
earlier in the year. The data W. Greve showed illustrated that length of the production season 
is another shifting parameter as spring moves back while there is little shift in the end of sea-
son timing. The influence of these shifts in biomass, spring production and community struc-
ture, has been observed in various fish larvae with spawning ranges from early to late. The 
spring shift in spawning of fish larvae is determined by temperature in the preceding winter. 
Cold winter causes late spawning and warm winter causes earlier spawning. For the common 
and important Oikopleura dioica the eight week seasonal duration observed in 1975 has ex-
tended to almost 12 weeks in 2003. It had been mentioned in previous discussion that O. 
dioica had disappeared from the northwestern Mediterranean.  These events are important for 
fish production and management of the fisheries, and ICES is looking for active products that 
can be used across disciplines for ecosystem management. Also noted was the fact that the 
composition of the plankton is changing. Fritillaria has almost disappeared from the Baltic, 
and in the Helgoland time-series it was completely missing for two years. So appearance/ dis-
appearance can be intermittent and is almost certainly linked to environmental change. Thus it 
is just as important an event to report as is new species coming into a region. 
The sea is no longer just about fisheries, W. Greve further discussed a new initiative of a 
commission, including people from backgrounds in fisheries, tourism, environment etc… to 
consider and design new approaches to managing the sea, using an integrated approach in 
agreement with stated EU strategies. Such a commission would aim to provide good manage-
ment advice in the form of models that can be understood. These models would be able to 
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make predictions of fish stock increases and decreases, eutrophication, sea level rises (coastal 
engineering), by looking at phenology for each species. Phenology is relatively easy, but 
qualitative in nature. Going quantitative might be a next step to enable prediction of trophic 
timings, dependencies and interactions. 
There is also a need to produce operational models that reduce complexity caused by the high 
number of species, yet still provide useful information for management of ecosystem status. 
This would have to be an iterative process, i.e., model building modified by data verification 
followed by improved model building. Such models and their output/ performance could be 
made publicly available so that different users could go their own ways to improve the mod-
els. Asked for illustrations of useful models, W. Greve mentioned a niche model that he has 
been using, he said that his modelling work fits the data nicely but he is not sure about its ap-
plicability. The group agreed that several models use NPZ and other formulations that have 
not evolved much in recent years. The problems arise in part due to increases in complexity 
that affect analytical tractability but often simply result from a lack of real demographic plank-
ton data required for validating and specifying quantitative parameters and functional relation-
ships. There are great advances in progress in 3D hydrodynamic models and these are being 
used at various scales and linked to both mass balance models such as ERSEM and to Individ-
ual Based Models and particle tracking models that reflect real behaviours. These are exciting 
developments which will yield new insights, but only if we can provide the science to validate 
and parameterise the models, while addressing the need to reduce dimensions to tractable, 
meaningful and consistent analyses, models and indices with practical uses. There is also a 
need to regularise the collection of the data needed to parameterise operational approaches. 
Slides illustrating work done in the North Sea using the CPR data were shown (Beaugrand et 
al., 2003, Nature, 426, 661–664). These illustrated the following changes: increase of the 
mean number of species per association of zooplankton leading to changes in biodiversity, 
regime shifts, increase of warm-temperate water species etc... Changes in plankton that result 
in match-mismatch between prey and fish and indicating that temperature increases is not fa-
vorable for fish larvae (i.e., reduction in recruitment). This is a good example of why we 
should take an ecosystem approach. Attention was drawn to recent work on a time-series of 
scyphomedusan by-catch from ICES North Sea juvenile gadoid surveys in the seventies and 
eighties. This has demonstrated strong correlative links between variations in jellyfish species 
abundances and the climate indices such as the NAO, different in sign for different North Sea 
regions and also linked to historical variability in fish recruitment. 
From the Baltic area, Christian Möllmann presented some data from 1975 to 2005; The Baltic 
has a two-layers system, BSI index showed a regime shift at end of the 1980s reflecting 
warmer temperature and lower salinities in the 1990's, while the North Sea influx to the Baltic 
Sea determines salinities.  Abundance of cod declined in the 90s while sprat increased (due to 
the decline from cod’s predatory pressure) and herring shows a gradual decline in spawning 
stock biomass despite an overall abundance which remained rather stable. Acartia, Pseudoca-
lanus, and Temora are key species of copepod in the region and are food for fish larvae.  
Pseudocalanus was dominant in the late 80's (this was good for cod), then declined in the 90's 
while Acartia and Temora increased. Christian showed that it is such anomalies in plankton 
abundances that influence fish recruitment and explained that low salinity has a negative effect 
on O2 and the survival of cod eggs. Thus the low salinities of the 90s combined with fewer 
Pseudocalanus to negatively affect cod recruitment during that period. Herring also feeds on 
Pseudocalanus and so it decreased as well. Sprat feeds on cod eggs and Pseudocalanus and as 
a result can inhibit herring. Besides this, the very high level of fishing on cod in the 90's pre-
vented the stock from recovering. The key is in the idea of a reproductive water volume at 
intermediate depth that enables cod recruitment. This volume has nearly disappeared in the 
Baltic because of reduced inflows from the North Sea. Christian concluded that SST and cli-
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mate change do not influence fish recruitment directly in this region but rather do so via zoo-
plankton, salinity and OB2 Bconcentrations. 
Astthor Gislason then presented some Icelandic data on spatial and long term variability in 
plankton monitoring around Iceland.  Nine lines of stations (total c90) are sampled in 
May/June for hydrography, nutrients, phyto and zooplankton (WP2 net, 50 m to surface). Pri-
mary production tends to be high in places where currents meet. Annual primary production is 
higher in the South, where temperature ranges between 6 to 12 C, than in the North (1 to 7 C), 
higher on-shelf than off-shelf, higher in the North West and South East frontal areas; its value 
decreases eastward in the north. From 1960 to 1995 time-series the mean primary production 
tends to divide into periods where salinity >34.5 and those where < 34.5. PP is higher in high 
salinity waters than in lower salinity this reflects differences in stratification. Variability is 
most evident in total zooplankton from two transects, with north and south of Iceland showing 
major highs and lows. 
The seas north of Iceland can undergo major changes in temperature and salinity. The correla-
tion between NAO and salinity is not very good, representing high inflows of Atlantic water, 
until local wind conditions are taken into account. Mean primary productivity during spring in 
the North Shelf is higher in Atlantic water than Artic water, reflecting more favourable mixing 
conditions in Atlantic water (i.e., moderate mixing and nutrient renewal) than in Artic water 
(i.e., limited mixing). Total zooplankton biomass is very similar in Atlantic and Artic waters, 
the tendency is for higher zooplankton biomass during warm years, this may be related to 
faster temperature dependent growth of zooplankton or advection of zooplankton with the 
Atlantic water from the south.  
Egg production of the key species Calanus finmarchicus for the period 1996–2002 is most 
often highest during May and June with more than 80 and up to 150 eggs/female/day. Factors 
found to affect egg production rates are prosome length, chlorophyll a and temperature; re-
gression analysis showed the highest correlation between egg production and chlorophyll a, 
some correlation with prosome length and none with temperature. Luis Valdes pointed out that 
there seemed to be a curvelinear relationship to temperature that is not reflected in a linear 
model.  In conclusion, the factors affecting secondary production of Calanus finmarchicus are 
mainly primary production which influences reproductive maturity of organisms, maternal 
size and thus individual production. Temperature, advection and predation also play a part. 
There has been a distribution shift for some species. In the case of fish, Icelandic blue whiting 
catches have increased in Atlantic waters from 1995 to 2004 whereas it’s been more variable 
in the Faeroe waters, and whiting has moved from south Iceland to north during the period 
1995–2004. Haddock and to an extent cod also showed northwards movement with higher 
abundance in 2004 (warm year) compared to 1995 (cold year). Monkfish has spread around 
Iceland in the same period of time. 
In the case of Calanus finmarchicus for the period 1960–2004, this species has declined eve-
rywhere but in particular in the North and East of Iceland, while Calanus hyperboreus has 
been increasing since the mid-1980s in the East region. Oithona has also increased all around 
Iceland. In general the proportion of arctic species has increased north of Iceland while abun-
dances of other species have decreased.  
After Astthor’s presentation the discussion returned to the issue of REGNS and the need to 
make a real effort in providing and pooling more of our data. Sophie Pitois will enquire about 
time-series in CEFAS, in particular DOVE time-series samples that are in the process of being 
analysed. WGZE need to gather as much data as possible since the REGNS Workshop in May 
2005 will begin the process of collating data for the region. The Norwegians will contribute 
some data mainly phytoplankton, SAHFOS will contribute North Sea time-series from CPR 
routes. This year they have launched their WinCPR gridded database of plankton abundance 
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in the North Sea compiled from monthly sampling by the Continuous Plankton Recorder 
(CPR) survey. The available data covers the years 1948 to 1997.  German GLOBEC data on 
the North Sea should also be available. The data that is in the Plankton Status Report is al-
ready available to ICES and more detail can be obtained from those managing data for the 
North Sea stations. WGZE will work further to compile and contribute these data for REGNS. 
6 Discussion - ToR d) Consider multivariate statistical 
methods and other models as means to evaluate and as-
sess zooplankton population and community dynamics in 
relation to environmental factors, ocean climate changes 
and fisheries assessment    
Multivariate techniques are almost essential to the process of analysing data from monitoring 
and complex hydro biological studies, which usually produce multi-dimensional data that is 
hard to visualise and analyse. Rabea Diekmann, had agreed to consider this topic prior to the 
WGZE meeting but was unfortunately unable to attend. We are grateful that she did do some 
homework for the WG and attached in annex 3 is a short list summarizing a few examples of 
multivariate statistical techniques used in zooplankton community analyses. She did not find 
time to include examples of GAMs and GLMs. The list is contains examples and is obviously 
not complete as there are more techniques and many more examples in the literature. However 
it may be a useful starting point for those interested in these statistical techniques. 
Peter Wiebe opened the discussion by presenting a summary on methods for analysing multi-
variate data in community ecology, based on the textbook "Analysis of Ecological Communi-
ties" by Bruce McCune, James B Grace, and Dean L. Urban. published in 2002 by MjM Soft-
ware Design. 
The process of "data reduction" is very important in the analysis process. It has two basic 
parts: 1) summarizing a large number of observations into a few numbers and 2) expressing 
many interrelated response variables in a more compact way. Data reduction may be done 
either by classifying a large number of variables into a smaller set of classes (Categoriza-
tion/Classification), or by the creation of a synthetic continuous variable (Ordination). Thus 
data reduction will produce either categorical variables or quantitative ones. 
Categorical variables are qualitative variables that have no inherent rank or measure (e.g., tro-
phic position: herbivores, omnivores, carnivores). Ordinal variables on the other hand, may be 
either measured or ranked. 
Multivariate data sets may include many objects each with many measurable attributes or vari-
ables. The objects and attributes will vary according to type of study. Thus, in community 
analysis the objects may be, e.g., survey stations or community type, whereas the attributes 
may be species or environmental factors. Other types of studies include: Niche-space analysis, 
Behavioural analysis, Taxonomic analysis and Functional or Guild analysis. 
The Data Matrix is the rectangular arrangement of the data systematically organized into a 
matrix in which each row represents the values of all attributes (of a subset of attributes) for 
one object and each column represents values of one attribute for each object (of a subset of 
objects). It may analysed among objects (i.e., among sample units, the Q route) or among at-
tributes (i.e., among species, the R route). Choice of Q or R route usually determines choice of 
analytical method. 
At the end of his brief overview Peter Wiebe gave an example of how multivariate statistical 
analysis was employed to reveal temporal and spatial patterns of copepod abundance in near-
shore waters of the western Gulf of Maine (Christopher Manning’s Masters Project at the Uni-
versity of New Hampshire under the supervision of Professor Ann Bucklin). The sampling 
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took place monthly from April to November along a cross-shelf transect extending from coast 
(60–110 m depth). The zooplankton was sampled with vertically stratified Mocness tows. The 
sampled data included zooplankton species counts, CTD, fluorescence, chlorophyll, nutrients 
and phytoplankton, i.e., data that all the members of the group could identify with. Four spe-
cies made up >80% of all copepods sampled. There was a significant difference in species 
composition between depths on most sampling occasions. The data were divided based on if 
they were collected above or below the pycnocline and Multi-Dimensional Scaling (MDS) 
was used to illustrate temporal variation in community structure. The results of the MDS plots 
showed that the community changed most significantly over the temporal scale (seasonally), 
while the effects of depth and station groups were not all that important. To conclude, the mul-
tivariate approach proved to be a very powerful tool to yield an easy-to-understand index for 
the temporal variation in plankton community structure. 
Sigrún Jónasdóttir then made a brief presentation on the principles behind path analysis as an 
extension of multiple regression. This aims at providing an estimate of the strength of causal 
connections between sets of variables, thus enabling the investigator to exclude from the re-
gression analysis the variables that are not important, and only include important ones. The 
core idea behind path analysis is that the investigator tries to build a realistic model before 
carrying out the analysis. 
Xavier Irigoien gave a short talk on a project in the Bay of Biscay, where multivariate statis-
tics are used to model relationships between mesoscale hydrographic structures and zooplank-
ton distributions. The project seeks to integrate different methodologies in sampling (e.g., 
CPR, vertical tows with conventional nets). The objectives are threefold: 1) data compilation 
and sample analysis, 2) statistical description and predictive modelling (using GAM/GLM-
GIS to make predictive habitat distribution maps), and 3) use of the model outputs in studies 
of climate change, fisheries and plankton production. The study is ongoing and data are still 
being collected. Xavier showed some examples of field and model outputs. As to model de-
velopment, it is important to give ecological meaning to the relationships and so make the 
models more robust. Alternative statistical approaches should also be assessed. There are sev-
eral other issues relevant to the development of appropriate models, e.g., spatial autocorrela-
tion, advection. 
There was some discussion on software and PRIMER was mentioned. This has a wide range 
of univariate, multivariate and graphical routines for species/samples abundance/ biomass 
analyses using matrices. The data may come from monitoring, community ecology or envi-
ronmental impact studies with associated physical and chemical data. Developed through a 
spin out company from Plymouth Marine Laboratory HUhttp://www.primer-e.com/UH ), PRIMER 
was noted as a tool commonly employed in marine ecological work. The use of the R software 
for carrying out multivariate statistical analysis was considered. In this context it was noted 
that there is a learning curve to using the more complex commercial packages which are ex-
pensive. With using R directly this curve is steep, although there are Windows front-end prod-
ucts to R available on the Web, one relatively inexpensive example is called "Brodgar". A free 
demo version can be downloaded from HUhttp://www.brodgar.comUH. Much other statistical soft-
ware can be obtained free from the web an example noted was “Distance” survey design soft-
ware from the CREEM project at St Andrew’s University, HUhttp://www.ruwpa.st-
and.ac.uk/distance/UH. 
Christian Möllmann proposed that a workshop in the use of multivariate statistics to field 
plankton studies should be held. The proposal was well received by the group, and it was de-
cided to put the proposal forward as a formal ToR. Further the word "practical" should be em-
phasised in the ToR statement. WGZE felt that the course should be designed for and on the 
premises of the biologists and address real data provided by those attending. It was also said 
that the temporal and spatial time-series data that group members were providing for the 
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Plankton Status Report could serve as input for such a workshop. It was noted that such a 
workshop could probably be organised by SAHFOS in Plymouth. 
Peter Wiebe described an interesting study, carried out several years ago, seeking to explain 
the distribution of euphausiid species in warm and cold water core rings in the Atlantic (Slope 
water, northern and southern Sargasso Sea). The study showed that there was a difference in 
species composition between the rings, but no explanatory variable was found to explain this, 
other than latitude. Latitude, however, is not very useful in this context, and Peter felt that 
modern multivariate techniques might be able to resolve this. Luis Valdes pointed out that in a 
study like this autocorrelation might be a problem, for instance temperature tends to be related 
to latitude. The re-analysis of older data sets could almost certainly be a fruitful exercise since 
modern techniques and computing power make this feasible and relatively easy if the data are 
available. It was felt that many scientists are likely to have such old data sets in their files, but 
it was noted that such retrospective analyses is often not “sexy” enough for funding.  Exam-
ples were discussed and many were positive that they had or knew of useful “old” data.  One 
example is the re-digitisation of a time-series of annual, summer scyphomedusan abundance in 
the North Sea, data held by FRS in Aberdeen (Steve Hay). This has been recently reanalysed 
by Chris Lynam at St Andrew’s University and resulted in several new and interesting papers 
linking the jellyfish abundances and distribution with climate indices and fish recruitment suc-
cess in different North Sea areas. More must be done to conserve, preserve and make digitally 
available this sea of old data. Many such calls are made but as yet funding is very sparse, this 
issue must be pursued more vigorously by the policymakers. 
7 Discussion - ToR e) Review preparations and progress 
towards: 
7.1 A workshop on enzymatic and other biochemical and molecu-
lar methods to measure or assess rate processes in zooplank-
ton 
The proposed workshop on enzymatic and other biochemical and molecular methods to meas-
ure the rate process in zooplankton was originally proposed by S. Hernandez -Leon, with good 
input in 2004 from Rob Campbell and declared interest from a number of practitioners and 
supporters such as Lutz Postel and Lidia Yebra Mora. The Chair opened with the point that 
this workshop plan had been a long time in preparation with relatively little progress. Frustrat-
ingly the idea is sound and this should be a practical, useful and timely development in a rap-
idly advancing field. The wider use and deployment of such biochemical approaches holds 
real prospects for assessing rates and processes in lab experiments and more significantly in 
the field alongside biomass and species abundance assessments. There are practical examples 
in the literature but the techniques suffer from a lack of general acceptance and there are 
known problems of application, calibration and interpretation. There needs to be authoritative 
guidance agreed and published. Some progress has been made; Santiago Hernandez Leon is 
planning to hold a workshop in the Canaries and has begun to organize it. People at this work-
ing group meeting had little expertise in these subjects, but there is still considerable interest 
in seeing this move forward.  
Luis Valdes had an email from Santiago. He plans to have two workshops one in the lab and 
one on field work.  At least Germany, Netherlands, UK, Norway, US and France have people 
interested in this topic.  Erica Head in Canada is also interested in this topic, and had sug-
gested to the Chair that Research ship “Hudson” could perhaps be able to act as a venue for a 
seagoing workshop since they may have sufficient berths/ space aboard on some cruises. 
There was interest in the idea of making a comparison with the sub tropical Canaries site with 
a cold sub arctic site and even to cover the range perhaps a temperate site in the North Sea, 
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perhaps based at Helgoland which has facilities and Rob Campbell may be able to organise 
this.  
It was suggested that diapause and hormonal control of behaviours is another issue that can be 
addressed biochemically.  Also lipids, stable isotopes, and molecular approaches were raised 
as associated biochemical approaches to ecological assessments of species condition, behav-
iour and food web interactions. The point was made that it would be a good task for these 
workshops to review and update the appropriate parts of the Zooplankton Methodology Man-
ual. Various names of researchers in ICES countries who are interested in biochemical devel-
opments in marine ecology were mentioned. W. Greve added some names and said that he 
wants to see quantifiable relationships produced of temperature with the biochemical proc-
esses controlling life history cycles. It was raised in discussion that modellers often have a 
hard time getting functional relationships out of laboratory data. Usually the experimental data 
do not cover a broad enough range to properly derive and describe functional relationships.  
Else, the experimental conditions at the extremes do not reflect reality across the environ-
mental gradients and ranges species actually experience.  
Swier Oosterhuis had sent a PowerPoint presentation on their chitobiase method to the Chair 
to present.  Chitin biochemistry in crustacea such as the ubiquitous copepods results in en-
zyme release into the water when these dominant species moult. Work on the Marsdiep series 
in 1998 showed highs and lows of chitobiase in the seawater. Also presented were extensive 
experiments done to validate and apply the technique. Increase in body weight versus free 
chitobiase enzyme produced into incubation water illustrated that this technique can measure/ 
estimate growth. Degradation by bacteria of the enzyme takes about 20 hours - quite quickly 
and so measurement reflects recent events. For studies on Temora longicornis, Pseudocalanus 
elongatus and Calanus finmarchicus strong relationship were found. Some work was con-
ducted on surveys in the Faeroe/Shetland channel in July 1999 and in Loch Etive in May 
2001. Low versus high ratios of estimated Production/ Biomass showed ratios were low in the 
channel but high in Loch Etive. Plumes and blooms examined for evidence of crustacean pro-
duction in the southern North Sea and secondary production estimated with chitobiase fitted 
the overall picture of productivity in the system. Vertical profiles of estimated secondary pro-
duction at the Frisian Front in North Sea were also shown to vary temporally.  
Discussion of these interesting results raised some questions. For example, it was questioned 
whether a large biomass growing slowly produces the same amount of chitobiase as a small 
biomass growing rapidly.  It was suggested that what is also needed is a biochemical indicator 
of predation on the secondary producers, which would extend the application to consider more 
complete food webs and address issues of bottom up vs top down control, density dependence 
in species growth and productivity etc. It was also suggested that there may be fish or other 
predation that may contribute to the chitobiase in water column.  The authors will be targeting 
future work to see how far this technique might be advanced and they are keen to see the 
method deployed more widely. 
It was felt by the WG that the workshop idea needs to be pushed to conclusion. Bob Campbell 
was reluctant last year to take a lead as Santiago Hernandez Leon has proposed the workshop 
to the WG and has begun planning for the open coastal warm waters workshop in October 
2006. It was decided to review the situation next year once more and hope that more concrete 
progress will have been made. Meanwhile a wider call for interested parties should be made. 
Perhaps some advertising at the ASC might be in order. It was proposed that a Theme Session 
at the 2006 ASC on “Molecular and Biochemical Approaches in Studies of Pelagic Ecology” 
could be a good idea and would raise/focus interest among the dispersed proponents of such 
studies and expertise.  
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7.2 Discussion - ToR e) Review preparations and progress 
towards: The 4th international zooplankton production sym-
posium to be held in Japan 2007. 
Luis Valdes is the ICES representative on the Committee for the ICES/ PICES/ GLOBEC 
International Zooplankton Production Symposium in Japan 28 May to 1 June. Hiroshima, Ja-
pan. Steve Hay is also a member of this committee. The symposium is announced on PISCES 
and ICES web pages, though WGZE felt that the ICES page needs some work and to be 
made more demonstrative. Backers and steering committee have been named with good 
international representation.  ICES have agreed to support symposium with 10000Dkr. The 
announced Theme for the symposium is: Human and Climate Forcing on Zooplankton 
Populations.  One day will be used for workshops, with 4 days of lectures and posters and one 
free afternoon. Symposium papers should be published in ICES journal of Marine Science. 
This has been discussed with ICES and WGZE has strongly endorsed a resolution to that ef-
fect (Annex 7). There followed some discussion of human and climate forcing on zooplankton 
communities. Climate forcing is being discussed a lot and is addressed through several major 
international and many national initiatives. For WGZE questions were asked as to whether this 
can yet be modeled effectively at scales ranging from global to basin and local areas, given 
current data and understanding of planktonic ecosystem constituents and their function in the 
seas? Much work is in progress and it was felt that we live in interesting times and have a con-
tribution to make through WGZE and the initiatives and outputs we have and may achieve. 
Luis Valdes pointed out that for endeavours such as the BASIN workshop, the IOC SCOR 
Global Zooplankton Comparisons WG, the Mediterranean Group lead by Gorsky and many 
others, the symposium in Japan will be a good time to present summaries of these initiatives. 
It was restated that WGZE need to take the Plankton Status Report beyond what it has been 
doing. Again, species distributions shifting to the north or south and changes in community 
diversity and seasonality are important to monitor and study in relation to other ecosystem 
components and trends. For the spring and summer species the seasons may be getting longer, 
while for winter species seasons get shorter.  The shifts and changes are likely to be good for 
some species and not for others in any given region.  One of the strengths of time-series is 
comparison of inter-annual effects. Short time-series may often be sampled or updated 
monthly and will not accurately record the shifts in seasonal change. The WG feel the need for 
shorter time intervals in monitoring if seasonal plankton dynamics are being considered.  
WGZE also considered that there should be greater effort to research techniques to find 
phenological trends in the seas and oceans for key species indicators. Fish larvae show this 
trendy behaviour very nicely - based on temperature it appears possible to predict when the 
abundance of some fish larvae will peak. It was suggested that an expert in paleoclimatology; 
paleoceanography such as Prof. W.F. Ruddiman, might be invited to give a keynote speech 
with a broader perspective. 
The symposium in 2007 may be a good place for the SCOR WG to present comparisons of 
climate variability effects, e.g., PDO and NAO and their links to zooplankton dynamics.  It 
was suggested that since the meeting is in Japan the focus is likely to be stronger on the Pa-
cific. Hopefully there will be good representation of science from the Atlantic research cen-
ters. Local monitoring of the inshore waters is being more and more strongly driven by new 
policy mandates, so we need to pull together the data sets and generate some contribution 
based on the Status Report from this working group. The issue of lack of required zooplankton 
monitoring in OSPAR was raised again and the need to define just what should be measured. 
The feeling was that at least what is presented in the ICES Plankton Status Report should be 
required.  Some felt that there should be reference to species lists. However, it was argued that 
this was too complicated for OSPAR, though comparison of species diversity lists might be a 
good topic for Japan. Another theme suggested for the Symposium in Japan was the use of 
enzymatic methods to study growth. W. Greve agreed to consider producing a suggestion on 
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the theme of Descriptions of Time-series and Phenology; Luis Valdes and Webjorn Melle 
agreed to consider Indices of Ecosystem Status and Function; and Steve Hay will consider the 
Use of Biochemical Methods in Marine Ecology.   These ideas should be worked on between 
WGZE meetings and communicated to Luis Valdes as the ICES representative on the Sympo-
sium Steering Committee and to the WGZE meeting next year. 
7.3 Discussion - ToR e) Review preparations and progress 
towards: A “virtual” workshop to further the collaborative 
comparison and analyses of plankton time-series and other 
zooplankton data in the North Sea areas. 
This was considered something of a hot potato item as web presence is seen by many as a con-
siderable problem for ICES. Web development is not up to speed, but we assume that effort to 
fix this is being made, although there is not much sign of this.  After the WGZE meeting it 
became apparent that ICES could indeed not support this initiative, so Todd O’Brien has done 
so and has started up a website to service WGZE ( HUhttp://www.wgze.netUH ). He deserves our 
and ICES thanks and support in this. Another example of the benefit ICES receives from the 
natural enthusiasm of the scientists involved. A major reason for this originally proposed and 
ICES-run website was to provide support for the process of making and analysing available 
data for REGNS. It was pointed out that such initiatives involving much dispersed collabora-
tions depends on there being a willing editor to organise and moderate the website (such as in 
the case of the previously mentioned trans-latitudinal study of Calanus helgolandicus ecol-
ogy). ICES should also develop means to the credit authors and data providers so that they 
learn to trust such a system. 
There was again discussion and concern that the ICES data framework developing for biologi-
cal data seems to be very complex and prescriptive in fields and data. This may put many off 
making the effort to recast their data into another format from their own and again result in 
lost data. There are strong arguments for currently proprietary data sets to be assembled for 
use in collaborative frameworks, virtual or otherwise, or indeed to be made public. The issues 
of data ownership and particularly publication rights are still live issues with many scientists, 
which inhibit data exchange, collaborative analyses and submissions to data centres. This is 
particularly so for biologists who may have spent years of laborious specialist work generating 
the sample analysis from even a single set of samples.  
7.4 Discussion - ToR e) Review preparations and progress 
towards: A further taxonomic workshop to advance the Fiches 
plankton ID sheets, also to encourage the training and reten-
tion of plankton taxonomic skills. This should focus to a large 
extent on gelatinous plankton taxonomy. 
The ICES Fiche Plankton Identification sheets are now available on the ICES web site and can 
be ordered on CD or downloaded as PDF files. The web site is hard to navigate to get to the 
online downloadable pdf files and should be improved. Alister Lindley at SAHFOS is the 
present editor for the ICES Plankton sheets. Although there are some developments he has a 
very hard job to get a rapidly diminishing band of experts to prepare these sheets essentially 
for free. There is generally very poor funding for such taxonomic work and little time or toler-
ance for such unpaid “academic” work when it falls outside modern prescriptive job descrip-
tions and institutional deadlines. Therefore essentially this work has stopped developing. 
However there are other developments outwith ICES, the EU MARBEF Network project, ETI 
biodiversity work at the University of Amsterdam, increasing appreciation in the west of the 
“hidden” talents in taxonomy in Russia and the eastern European countries. Also a Census of 
Marine Life – Census of Marine Zooplankton (CMarZ) initiative is now started which seeks to 
describe holozooplankton globally and to tie traditional morphological descriptive approaches 
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and molecular genetics (ZooGene and species barcoding). The literature and experience of 
WG members and their colleagues sees a growing number of studies using molecular genetics 
to support and enhance taxonomic and ecological studies.  
A particular example is work on the ecology of decapod crustacean larvae carried out at IPI-
MAR in Portugal, also work on decapod larvae recruitment is going on in FRS in Aberdeen 
and both projects are linked to studies of adult biology and seasonality. The main reasons the 
larvae of benthic organisms are seldom studied is the difficulty of identifying these to species, 
a great shortage of taxonomic skills and the expensive and laborious nature of the sample 
analysis. Techniques such as real time PCR and DNA chips are holding out great promise that 
this bottleneck may be about to disappear. When (not if) all this technical advance develops to 
routine use, then the huge range of possibilities for plankton/ benthos studies and production/ 
recruitment to juvenile and adult populations will become a real prospect at a species level. 
This hopefully will cause the benthic ecologists to look up more and plankton ecologists to 
look down. Either way or both is good and enables a truly ecosystem approach to become 
more realistic. 
Previous and successful taxonomic workshops have been held (two sponsored by ICES/ 
WGZE and one by CMarZ in Japan. Research teams around the Baltic have also had a good 
history of practical workshops. WGZE agreed that another is needed and there is good reason 
to focus on gelatinous plankton and macroplankton generally. It was mentioned that some 
workers had sent samples to several labs to cross compare results.  Inter-calibration may be a 
key issue to focus on, with genetics essential for the intercalibration as the species assignment 
is then incontrovertible, with identification of cryptic species also probable. There is great 
need to get as many plankton species as possible properly sequenced. WGZE calls for another 
ICES-sponsored Zooplankton Taxonomic Workshop to be held in 2006. SAFHOS in Ply-
mouth held the last of these and are keen to hold another. They have the facilities and resident 
expertise.  
The point was made that for projects in labs where taxonomic skill is expensive and/or weak, 
extensive use is now made of the commercial sample analyses being carried out at sorting 
centres in Poland, Russia or elsewhere, where there are taxonomists and the training and lit-
erature survive. This is now a fairly longstanding situation with positive and negative aspects. 
There is an underlying question as to the quality control (accuracy and consistency) applied to 
the taxonomic analyses and some present had experience of problems in this regard. However 
it is good that the skills are being retained and practiced and presumably there is ongoing 
training for technicians and taxonomists working on these samples. It would be interesting to 
see just how these are achieved at these sorting centres. It was noted that taxonomic training 
was more extensive in some countries compared to others. At least Germany, Holland and 
Japan are increasing emphasis on this training of a new generation of taxonomists. 
Societies such as the World Association of Copepodologists (WAC) are doing very good work 
in disseminating taxonomic knowledge and training (workshop in Tunisia in 2005 was very 
rapidly oversubscribed). While there have been many calls, there is a persistent lack of avail-
able funding to train taxonomist or conduct the work, probably as this often is not considered 
research per se. Thus it is increasingly difficult logistically to supply expertise where the hold-
ers are often found to have died, retired or be otherwise rare. Professional taxonomists are not 
necessarily the best teachers, so what is also required is revision and dissemination of the lit-
erature and development of manuals and resources for taxonomic identification. Efforts such 
as the two volume book South Atlantic Plankton, Edited by Demetrio Boltovskoy 1999 
(Backhuys Publishers, ISBN 90-5782-035-8), Martin Angel and Kasia Blachowiak-Samolyk 
for their ostracoda web site - HUhttp://ocean.iopan.gda.pl/ostracoda/UH, The user-friendly guide to 
coastal planktonic ciliates at HUhttp://www.liv.ac.uk/ciliate/UH and CDs etc developed by ETI are 
all very much to be congratulated on their efforts in this regard and others should be encour-
aged to produce or contribute to regional manuals for plankton species identification and 
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summary distribution/ life cycle descriptions perhaps including meristic data on lengths: 
weight, carbon, nitrogen etc. The bibliographies of experts are themselves a very valuable 
resource and a reflection of many years experience in a highly dispersed and highly special-
ised literature. 
7.5 Discussion - ToR e) Review preparations and progress 
towards: Discussion to be held during the 2004 ASC and inter-
sessionally to co-ordinate the conjunction of the zooplankton 
and phytoplankton monitoring reports into the ICES Plankton 
Status Report 
The Chair had been unable to follow this up as he had been unable to attend the 2004 ASC as 
it seems so did most of the working group of phytoplankton ecology. Discussion by the 
Oceanographic Committee had suggested disbanding the WGPE or merging with another WG, 
possibly WGZE. This was resisted by Luis Valdes at the Oceanography committee meeting 
and the WG support him in this. The ICES WGPE and WGZE between them cover an enor-
mous range of subjects, species and areas and it would be simply too complex to manage all 
together and a single annual meeting could not possibly cover the ground in a few days. 
The Chair admitted that after his representations of some time ago to the WGPE had been ig-
nored he had put only a little effort in to chasing these up. There also seems to have been no 
contact or initiative from the WG Phytoplankton Ecology, who still seem to be following their 
plans alone. At WGZE instigation some years ago an extended joint meeting was held in Ber-
gen between WGZE and WGPE. Although some interesting points were raised no constructive 
progress in collaborative and joined up thinking had emerged. The WGHABD Chair had how-
ever expressed support for zooplankton and phytoplankton status report joining up and had 
earlier provided some names of phytoplankton monitoring contacts, mostly though with only 
harmful species data. 
It is increasingly important to develop a cohesive, ecosystem approach to such status reports 
and WGZE still thinks it important to get phytoplankton into the status report alongside sum-
mary physics and perhaps nutrient data. At the very least there should be an extensive collec-
tion of the sampling metadata, going beyond what is presented and including contacts, to en-
courage further efforts at synthesis and collaborative analysis. The WGZE members Luis Val-
des and Todd O’Brien aided by Ángel López Urrutia and some others have put in a great deal 
of work to collating the data sent to them to produce the Status Report. There is also consider-
able worry that to extend this to include extensive other data would make the production of the 
report too difficult and time consuming. Given that we have standardised the approach and 
format of the Status Report, it would only really be possible to expand with an acceptance of 
the format and a dedicated collection/ description/ submission of phytoplankton data by the 
phytoplankton people themselves. So for the moment we will where possible include data on 
chlorophyll as depth integrated or surface values. WGZE call on all those who submit their 
data to our group for the Plankton Status Report to include temperature and salinity in the 
mixed layer and from bottom, wherever these data are available. 
8 Discussion - ToR f. Review and consider the role of 
meroplankton in pelagic shelf seas ecosystems and their 
contribution to productivity in these areas 
S. Jónasdóttir introduced this ToR starting with defining the three main keywords of the ToR, 
meroplankton, shelf seas and productivity.  She pointed out that meroplankton are considered 
often to represent over 70% of all meso-zooplankton in terms of abundance, a number that 
was debated somewhat as to whether it is correct even as an average.  However in the shelf 
seas, where meroplankton often do dominate and which carry about 95% of the fish yield, 
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there meroplankton have high importance to regional and species productivity in terms of 
biomass, growth, spatial distribution and seasonality. Meroplankton according to the definition 
in the ICES Zooplankton Manual includes fish larvae but in the present discussion meroplank-
ton was considered only as larvae stages of benthic organisms. 
There is a general agreement that meroplankton is not well studied either by the zooplankton 
or the benthic ecologists. Some examples of spatial and temporal distributions of meroplank-
ton were presented and discussed from three different regions, namely Gulf of Gdansk (Po-
land), Stonehaven (North Sea) and the Portuguese coast. The conclusion was that meroplank-
ton species composition and abundance vary greatly in space and time. The pattern of occur-
rence often appears as huge peaks of abundance of one or a few species for a short period of 
the year (days- a few weeks). Therefore they are susceptible to being missed during sampling 
cruises. Meroplankton species communities, since they reflect the benthic system which is 
much more diverse than the plankton, change greatly between regions. 
It was pointed out that some meroplankton species are quite sensitive to temperature changes 
and are therefore good candidates as indicator species for climate change. This caused some 
discussion as the sensitivity may cause change in time of spawning, rather than magnitude of 
the effect.  Either way this sensitivity has potential to be used to track environmental changes. 
Meroplankton have been considered as of interest especially in terms of recruitment and their 
importance to fisheries (mainly for the eggs and larvae of fish). These topics have been con-
sidered by other ICES groups, namely WGRP, BEWG and SGCRAB.  It was recognised that 
the most important problem preventing meroplankton study is problem of identification. Eve-
ryone agreed on the great difficulty in identification of many meroplankton genera to a species 
level and expertise is rare within ICES community. However, there is progress and for exam-
ple a new illustrated key for identification of decapod larvae for European seas has been re-
cently published that will allow their identification to genus and species level (dos Santos and 
González-Gordillo 2004 J. Mar. Biol. Ass. U.K. 84: 205-227).  Additionally, in a few years 
time, developments in genetics, such as the barcode program and genetic chips, will allow 
easy identification of meroplankton and consequently will allow a more useful focus on this 
group. Links between plankton and benthos will become much more amenable to investiga-
tion. 
9 Discussion - ToR g)  Review progress with ICES data 
management of biological information  
This topic was quite briefly discussed, although throughout prior discussions the area had re-
ceived some debate. There is a strong feeling among those present that the complexity of 
plankton communities, the range of sampling strategies and differing levels of analytical ap-
proaches to samples is confounding the data formats with too much detail. If ICES want to 
produce a format to cover all these complexities and then expect all the data providers to wade 
through and verify all that detail then they are often not going to raise much enthusiasm 
among a world of very busy investigators. It is one thing to attempt to set a standard, many 
will be grateful for the guidance, but making data calls too prescriptive will result in fewer 
responses. Sampling and species data are much more complex than physics and chemistry as 
ICES data managers know; also they are used for a much wider range of investigations. More 
and more the approach from many large data centres seems simply to gather the data as it is 
collected and presented by the originator, without extensive translation and reformatting. The 
consensus of our WG is for ICES to follow that model rather than being prescriptive. These 
data will have many, many uses and interpretations so why not leave it to the data user rather 
than the originator to format all he gathers into a style that suits their particular analyses. Data 
users might even do so into a format the data centre prefers, positive feedback! So long as the 
meta-data is well described and the data itself intact, understandable and available, then inves-
tigators time will not be “wasted” in reformatting. This is so unless they are assembling mixed 
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data, attempting synthesis or background, then it is part of such investigator’s tasks. It was 
considered that an emphasis on metadata collection and advertisement would catalogue more 
of what is available and encourage contact and collaboration between data holders where there 
is difficulty or reluctance to provide data to central repositories. 
10 Any other business 
Following on from previous years’ discussions and contacts between WGZE with WGRP and 
WGCCC, an ICES/GLOBEC “Workshop on the Impact of Zooplankton on Cod Abundance 
and Production [WKIZC]” is to be held at ICES Headquarters in Copenhagen on 7–9 June 
2005. This meeting is of considerable interest and expected to be a productive exercise. The 
WKIZC continues the strong links between WGZE and groups studying fish recruitment and 
biology. These had contributed to the popular Theme Sessions O and J at the 2004 ASC.  
The WKIZC is being organised by Øyvind Fiksen, Jeff Runge, and Christian Möllmann, and 
Christian being at our WGZE meeting, he gave the group a short presentation on the plans and 
agenda. The group considered that he and his colleagues had done a good job and that we look 
forward to the outcomes. Some WGZE participants intended to be part of the WKIZC pro-
ceedings in June, or had colleagues planning to attend. 
11 Resolutions and terms of reference proposed for 2006 
11.1 Next Meeting (2006) 
It is proposed to hold the next (2006) meeting of the ICES Working Group on Zooplankton 
Ecology in Villefranche, France during the week 27–31 March, kindly hosted by Dr Gabriel 
Gorsky of the Observatoire Océanologique. 
11.2 WGZE Terms of Reference proposed for 2006 
 
1. Update the ICES Plankton Status Report; consider progress towards consolidation, 
interpretation and appropriate statistical methods. 
2. Assess and improve WGZE contribution to REGNS and North Sea Ecosystem Status 
assessment. 
3. Plan and prepare for additional analyses and products utilising the Plankton Status 
Report Time-series. 
4. Plan and consider agenda for a joint meeting with CIESM plankton scientists. 
5. Review the causation and impacts of introduced or disappearing plankton species, 
particularly from regions in the ICES and CIESM areas. 
6. Consider and consolidate the use of web site and virtual resources for support of 
WGZE endeavours. 
7. Review achievements, progress and prospects for; 
 i.)  Workshop on the Impact of Zooplankton on Cod Abundance and Production 
[WKIZC]. 
 ii.) Workshop on enzymatic and other biochemical and molecular methods to 
measure rate process in zooplankton. 
iii.) SCOR Working Group, Global Comparisons of Zooplankton Time-series. 
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 iv.) ICES/ PICES/ GLOBEC International Zooplankton Production Symposium 
in Japan 2007. 
  v.) GLOBEC/ SPACC workshop "Image analysis to count and identify zoo-
plankton" (ZooImage), San Sebastian 2005. 
 vi.) A taxonomic workshop to advance the Fiches plankton ID sheets, also to 
encourage the training and retention of plankton taxonomic skills. 
vii.) Plans and progress in relevant national and international projects relating to 
plankton studies (e.g., MARBEF, BASIN and others). 
viii.) Data management issues at ICES and elsewhere. 
11.3 Theme Session Proposals for 2006 ASC 
The ICES Working Group on Zooplankton Ecology proposes two theme sessions for the 2006 
ICES Annual Science Conference: 
Biogeographical changes in zooplankton communities; consequences for marine ecosys-
tems.  Conveners - Luis Valdes and Peter Wiebe 
and What zooplankton are fish really eating?  Species and diets, availability and depend-
ency.  Conveners – Xabier Irigoien and Christian Mollman 
11.4 Other Resolutions 
WGZE propose that the ICES Publication Committee formally resolve and commit to publish-
ing the proceedings of the 4PthP ICES/PICES/ GLOBEC Symposium on Zooplankton Production 
in the ICES Journal of Marine Science as a special edition. 
The working group held a vote to propose a replacement for the outgoing Chair. 
Dr Ástþór Gíslason of the Marine Research Institute, Reykjavík, Iceland was proposed, and 
unanimously voted for as new Chair by the group. He has kindly agreed to chair the Working 
Group through the next term.  
The SCOR WG also wishes another Atlantic member, and would greatly welcome ICES spon-
sorship of one. WGZE contributes to the SCOR WG with data and expertise. WGZE appreci-
ate the suggestion from SCOR WG for an ICES sponsored North Atlantic associate member, 
Webjorn Melle was suggested but will depend on ICES sponsorship of travel and subsistence 
funding. 
It is suggested that a practical workshop in the use and application of multivariate statistics to 
plankton studies should be held. Such a workshop could probably be organised by SAHFOS at 
the MBA facility in Plymouth, UK. It is felt that this should be discussed further with the Stat-
isticians before making a formal proposal. 
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Annex 1:  List of participants 
22 attended from 13 countries plus 7 P*Pothers submitted verbal/written contributions from 3 other countries. We also 
welcomed 3 P†P new participants from the Baltic Seas Regional Project at our WGZE meeting. 
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Annex 2:  WGZE Lisbon 2005 Meeting Agenda 
Monday 4 April 
12:00 Introductions, Announcements and Housekeeping. 
12:30 Lunch 
13:30 ToR e) Lead - Steve Hay; Review preparations and progress towards;  
i)  a workshop on enzymatic and other biochemical and molecular methods to measure 
or assess rate processes in zooplankton.  (Santiago Hernández-León, / Rob Campbell 
if available or by submission) 
 ii)  the 4th international zooplankton production symposium to be held in Japan 2007.  
(Luis Valdés / Steve Hay) 
15:30  Coffee Break 
15:45   
iii)  a "virtual" workshop to further the collaborative comparison and analyses of plankton 
time-series and other zooplankton data in the North Sea areas. (Steve Hay) 
iv)  a further taxonomic workshop to advance the Fiches plankton ID sheets, also to en-
courage the training and retention of plankton taxonomic skills. This should focus to 
a large extent on gelatinous plankton taxonomy. (SAHFOS) 
v)  discussion to be held during the 2004 ASC and intersessionally to co-ordinate the 
conjunction of the zooplankton and phytoplankton monitoring reports into the ICES 
Plankton Status Report.  - Steve Hay / Luis Valdes 
Tuesday 5 April 
Morning- ToR a) Update of the annual plankton status report. It is planned to extend it to new 
sites and include concurrent hydrographic data, phytoplankton series and advances in monitor-
ing technologies. lead – Luis Valdes;  rapporteur – Lutz Postel  
Afternoon - ToR c)  Comparison of geographic and seasonal patterns across the range 
of plankton monitoring sites in the ICES area with emphasis on key species; approaches and 
preparation for North Sea ecosystem assessment (REGNS). lead – Wulf Greve; rapporteur – 
Sophie Pitois  
Wednesday 6 April 
09:00 ToR b)  Future development and collaborative approaches in plankton time-series 
measurements and interpretation, including collaboration with global synthesis attempts and 
regional comparisons.  Lead – Todd O’Brien; Rapporteur – Webjørn Melle 
10:30 Coffee Break 
11:00 ToR g)  Review progress with ICES data management of biological information. 
Lead –Todd O’Brien; Rapporteur – Xabier Irigoien 
12:30 Lunch 
13:30 ToR d)  Consider multivariate statistical methods and other models as means to 
evaluate and assess zooplankton population and community dynamics in relation to environ-
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mental factors, ocean climate changes and fisheries assessment.  lead – Peter Wiebe;  rappor-
teur – Astthor Gislasson 
15:00  Coffee break 
15:30 ToR f)  Review and consider the role of meroplankton in pelagic shelf seas ecosys-
tems and their contribution to productivity in these areas.  lead – Sigrún Jónasdóttir; rappor-
teur –  Antonina Santos 
Thursday 7 April 
09:00 
AOB – including; 
1.  Election of Chair for 2006-2008 
2. Consideration of Terms of Reference for 2006, 
3. Suggestions for future ASC Theme Sessions, workshops etc  
4.  Completion of Rapporteur reports 
12:00 - FINISH  
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Annex 3:  Some Examples of Multivariate Approaches 
Multivariate statistical techniques used in zooplankton ecology, especially for community 
analyses: Examples of recent methodical approaches. 
MULTIVARIATE TECHNIQUES APPLICATION PUBLICATION 
Canonical Correspondence 
Analysis (CCA) 
Relationship between the zooplankton fauna of the 
Zeeschelde estuary and different environmental 
factors (e.g., Sal, T, NH4+, Chla) 
Tackx et al. (2004) 
Canonical Correspondence 
Analysis (CCA) 
Exploratory tool to assess the important 
environmental variables influencing spatial patterns 
of ichthyoplankton and pelagic fish and squids at 
Georges Bank 
Garrison et al. (2002) 
Canonical Correspondence 
Analysis (CCA) 
Relationship between copepod species sampled at a 
shelf in northern Norway and environmental 
variables – temporal and spatial variations 
Halvorsen and Tande 
(1999) 
Canonical Correspondence 
Analysis (CCA) 
Analysing the response of zooplankton species in the 
northern Baltic to hydrographic parameters using 
time-series data 
Viitasalo et al. (1995) 
Canonical Correspondence 
Analysis (CCA) 
Relationship between the copepod community 
(resolving species and life stages) in the central 
Barents Sea and spatial (latitude, depth), temporal 
(month) and hydrographic factors (Sal, t) 
Pedersen et al. (1995) 
Canonical Correspondence 
Analysis (CCA) – partial 
ordination 
Relating meroplankton species densities of the 
French-Belgian coast with environmental variables 
and geographic locations using the latter matrices 
alternatively as covariables – taking into account the 
spatial components in species distribution  
Belgrano et al. (1995a) 
(1995b) 
Centred PCA (based on 
covariance matrix) 
Determination of seasonal and diel patterns of 
diversity of calanoid copepods; examination of the 
spatial variation of the diversity of calanoids at diel 
and seasonal scales 
Beaugrand et al. (2001) 
Cluster Analysis: 
Hierarchical agglomerative 
clustering 
North coast of Spain: Classifying copepod life stages 
into size classes with similar vertical distributions 
and movements 
Fernandez de Puelles 
(1996) 
Cluster Analysis: 
Hierarchical agglomerative 
clustering 
Identification of homogeneous periods and stations in 
the lower St. Lawrence estuary concerning copepod 
species assemblages 
Plourde et al. (2002) 
Cluster Analysis: 
Hierarchical agglomerative 
clustering 
Zooplankton of the Antarctic: Classifying samples 
into groups with similar communtiy composition/ 
species with similar distribution patterns using 
cluster analysis coupled with UPGMA (based on 
Bray-Curtis similarity matrix) 
Chiba et al. (2001) 
Cluster analysis: 
Hierarchical complete 
linkage method 
Clustering geographic regions of similar copepod 
diversity using CPR data – mapping indicator 
assemblages in the North Atlantic and adjacent seas 
and determine typical species associations 
Beaugrand et al. (2002) 
Clustering (Hierarchical 
agglomerative clustering) on 
recalculated data from the 
first two eigenvectors and 
principal components of a 
PCA 
Analysis of an ecosystem regime shift in the North 
Sea: Classify temporal periods of similar 
zooplankton composition (CPR data using calanoid 
copepod biomass and diversity) by previously 
decreasing the influence of episodic events or high-
frequency variability 
Beaugrand (2004) 
Correspondence Analysis 
(CA) 
Mediterranean salt marshes: Obtaining a quantitative 
disturbance measurement derived from the score of 
the second principal dimension and the Euklidean 
distance from values of disturbed and stable 
conditions on the first factorial plane of a CA – 
relationship with different diversity measures 
Quintana (2002) 
Discriminant analysis 
(DCA) 
Separation of environmental variables (e.g., Sal, T, 
Chla, POC) according to previously defined temporal 
or spatial groups based on copepod species 
assemblages  
Plourde et al. (2002) 
Non-metric MDS Analysis Zooplankton of the Antarctic: Ordination of samples 
into groups with similar communtiy composition/ of 
Chiba et al. (2001) 
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species with similar distribution patterns (verification 
of cluster analysis based on the same similarity 
matrix) 
Non-metric MDS Analysis Identification of the spatial structure of 
mesozooplankton species in the Labrador Sea 
Head et al. (2003) 
Principal Coordinate 
analysis (PcoA) 
Identification of homogeneous periods and stations in 
the lower St. Lawrence estuary concerning copepod 
species assemblages supported by the results of the 
hierarchical agglomerative clustering model – 
calculating the spearman correlation between 
principal axes and species abundances to identify the 
species that contribute most to the formation of each 
seasonal or spatial group.  
Plourde et al. (2002) 
RDA on Hellinger 
transformed data  
Investigation of fish and cephalopod early life stages 
at seamounts: Vertical and horizontal structuring of 
species assemblages in relation to topographic and 
hydrographic features  
Diekmann et al. 
(submitted) 
Standardised Principal 
Component Analysis (PCA; 
based on correlation matrix) 
Identification of major long-term monthly changes in 
calanoid copepod diversity in CPR-data (principal 
components) and localisation of the region of 
maximal variability (mapping of elements of 
eigenvectors) 
Beaugrand (2003) 
Standardised Principal 
Component Analysis (PCA; 
based on correlation matrix) 
Analysis of an ecosystem regime shift in the North 
Sea using CPR-data of calanoid copepods (biomass 
and species diversity) – seasonal and yearly 
variations 
Beaugrand (2004) 
Standardised Principal 
Component Analysis (PCA; 
based on correlation matrix) 
Investigation of the effect of food availability and 
quality (as calanoid copepod biomass, mean size and 
abundance of selected taxa) on cod recruitment in the 
North Sea: Examination of long-term monthly 
changes in the plankton ecosystem by PCA and 
relationship of the first PC to cod recruitment (and 
further sub-analyses) 
Beaugrand et al. (2003) 
Three-mode PCA 
(multiregressive model of 
the PCA for a 3-way table) 
Parallel investigation of the temporal (17 years/ 12 
months) and spatial structure (20 locations) in CPR 
plankton data (abundances of 11 selected species) 
Beaugrand, Ibañez, Reid 
(2000) 
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Beaugrand, G., Ibanez F., and Lindley, J.A. 2003. An overview of statistical methods applied 
to CPR data. Progress in Oceanography, 58: 235–262. 
Beaugrand, G., Ibanez, F., Lindley, J.A., Reid, P.C. 2002. Diversity of calanoid copepods in 
the North Atlantic and adjacent seas: species associations and biogeography. Marine 
Ecology Progress Series, 232: 179–195. 
Beaugrand, G., Ibanez, F., Reid, P.C. 2000. Spatial, seasonal and long-term fluctuations of 
plankton in relation to hydroclimatic features in the English Channel, Celtic Sea and Bay 
of Biscay. Marine Ecology Progress Series, 200: 93–102. 
Beaugrand, G., Ibañez, G., and Lindley, J.A. 2001. Geographical distribution and seasonal and 
diel changes in the diversity of calanoid copepods in the North Atlantic and North Sea. 
Marine Ecology Progress Series, 219: 189–203. 
Beaugrand, G. 2003. Long-term changes in copepod abundance and diversity in the north-east 
Atlantic in relation to fluctuations in the hydro-climatic environment. Fisheries Oceanog-
raphy, 12: 270–283. 
Belgrano, A., Legendre, P., Dewarumez, J.-M., and Frontier, S. 1995. Spatial structure and 
ecological variation of meroplankton on the French-Belgian coast of the North Sea. Ma-
rine Ecology Progress Series, 128: 43–50. 
Belgrano, A., Legendre, P., Dewarumez, J.-M., and Frontier S .1995. Spatial structure and 
ecological variation of meroplankton on the Belgian-Dutch coast of the North Sea. Ma-
rine Ecology Progress Series 128: 51–59. 
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Series, 216: 95–108. 
Diekmann, R., Piatkowski, U., and Nellen, W. Fish larvae and cephalopod paralarvae assem-
blage structures at Great Meteor Seamount – a multivariate approach –. Submitted to 
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Diel variations in the vertical distribution of copepods off the north coast of Spain. ICES 
Journal of Marine Science, 53: 97–106. 
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between ichthyoplankton and pelagic fish and squids on the southern flank of Georges 
Bank. Fisheries Oceanography, 11: 267–285. 
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Head, E.J.H., Harris, L.R., Yashayaev, I. 2003. Distributions of Calanus spp. and other meso-
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Annex 4:  Proposed Terms of Reference 2005 
The Working Group on Zooplankton Ecology [WGZE] (Chair: A. GislasonP*) P, Iceland) will 
meet in Villefrache, France from 27–31 March 2006 to: 
a ) Update the ICES Plankton Status Report; consider progress towards consolida-
tion, interpretation with appropriate statistical methods and recommended moni-
toring standards. 
b ) Assess and improve WGZE contribution to REGNS and North Sea Ecosystem 
Status assessment and other data synthesis efforts. 
c ) Plan and prepare for additional analyses and products utilising the Plankton 
Status Report Time-series. 
d ) Plan and consider an agenda for a joint meeting with CIESM plankton scientists. 
e ) Review the causation and impacts of introduced or disappearing plankton species, 
particularly from regions in the ICES and CIESM areas. 
f ) Consider and consolidate the use of web site and virtual resources for support of 
WGZE endeavours. 
g ) Review achievements, progress and prospects for; 
 i.)  Workshop on the Impact of Zooplankton on Cod Abundance and Production 
[WKIZC]. 
 ii.) Workshop on enzymatic and other biochemical and molecular methods to 
measure rate process in zooplankton. 
iii.) SCOR Working Group, Global Comparisons of Zooplankton Time-series. 
 iv.) ICES/ PICES/GLOBEC International Zooplankton Production Symposium 
in Japan 2007. 
  v.) GLOBEC/ SPACC workshop "Image analysis to count and identify zoo-
plankton" (ZooImage), San Sebastian 2005. 
 vi.) A taxonomic workshop to advance the Fiches plankton ID sheets, also to 
encourage the training and retention of plankton taxonomic skills. 
vii.) Plans and progress in relevant national and international projects relating to 
plankton studies (e.g., MARBEF, BASIN and others). 
viii.) Data management issues at ICES and elsewhere. 
Supporting Information 
Priority: The activities of this group are a basic element of the Oceanography Committee, 
funda-mental to understanding the relation between the physical, chemical 
environment and living marine resources in an ecosystem context. Reflecting the 
central role of zoo-plankton in marine ecology, the group members bring a wide 
range of experienced expertise and enthusiasm to bear on questions central to ICES 
concerns. Thus the work of this group must be considered of very high priority and 
central to ecosystem approaches. 
Scientific 
Justification and 
relation to Action 
Plan: 
Action Plan No: 1.2  - 1.13;  2.2, 2.9, 2.10; 3.2,3.3,3.15; 4.2,4.10, 4.11,4.14, 4.15; 
5.2 – 5.5, 5.9, 5.10, 5.13 – 5.17; 6.1; 8.1,8.2, 8.4 
a) This is a repeating task established by the Working Group in 2000 to monitor 
the plankton abundance in the ICES area. The material presented under this item 
updates and expands the annual Summary Plankton Status Report in the ICES area. 
Reported results are significant observations and trends based on a wide range of 
time-series sampling programmes. Efforts are in hand to expand the report, to 
include phytoplankton and elementary physics and to facilitate comparative 
analyses and setting monitoring standards and recommrndations.  
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b) Several data sets included in the Plankton Status Report are core to preparation 
of North Sea ecosystem assessment (REGNS). This subset of the extensive data 
required must be sensibly aggregated with and assessed in relation to other data on 
physics, chemistry, phytoplankton and predator fields, including fish and 
invertebrates. This is an extensive data collation and expert analysis effort and one 
which WGZE wishes to contribute to. 
c)The time-series contained in the Plankton Status Report is preserved and 
available to ICES and others in the present and future. The sample and data 
collation effort is grow-ing, alongside expanding national and international 
demands for monitoring data. There are studies and projects attempting global 
syntheses, regional ecosystem assessments and autecological studies of key species 
across latitudinal ranges. These projects, syntheses and global collaborations must 
be enabled and supported. The present need to describe and achieve quality 
standards in sampling and sample analyses requires; that overview and synthesis 
should take account of advances in statistical techniques and should employ as 
wide collaboration and skills base in data analyses and interpretation as is possible.  
It is particularly hard to link plankton into fisheries assessment without good 
statistical and biophysical modelling approaches. 
d) ICES must recognise as WGZE does, that the broader interests of an expanding 
EU requires better efforts at integration and collaboration in research.  So too there 
is a movement towards broader and more global syntheses and comparisons in the 
research community, particularly being driven by the process and implications of 
climate change for marine ecology generally. WGZE members are keen to forge 
links with their fellow plnkton scientists in CIESM as there is much to be learned 
and gained through exchange and collaboration. 
e) Appearance of new species or disappearance of established species has been 
noted in a variety of regions. There is a need to gather examples and examine how 
they may be related to changes in their environment and what the consequences 
might be for plankton communities and regional ecology. 
f) Given that ICES has proved unable to operate a web “virtual” worksite for our 
WG, WGZE has set up a site thanks to the enthusiasm of one member. This 
welcome initiative we need to foster and capitalise on,  therefore we need to review 
to develop the application of this approach to our endeavours. 
g) This ToR relates to a range of workshops and initiatives which our working 
group is involved with. WGZE has to review these  regarding progress and 
implications for ICES and the research community generally. These initiatives are 
the main means by which we keep our work relevant, communicate and implement 
our ideas and formulate future contributions and efforts. This initiative and 
feedback process is vital to ICES future. Through WGZE ICES has a good 
practical history of sponsoring and running workshops and the Zooplankton 
Production Symposium. Within ICES and generally, data management of 
biological information needs to be reviewed and ongoing efforts and consultations 
discussed.  
Resource  
Requirements: 
Resource required to undertake the activities of this group is negligible. However, 
ICES must be committed to provide some sponsorship and support for workshops 
and the 4PthP Zooplankton Symposium 
Participants: The group has a enthusiastic core membership, and is successfully making efforts 
to attract broader participation both across ICES nations and across relevant skills 
The Group is normally attended by some 20-25 members and guests 
Secretariat 
Facilities: 
None beyond communication support 
Financial: Beyond the 10,000DK support for the Symposium in 2007 and publication costs 
for the Plankton Status Report, no other current financial implications 
Linkages To 
Advisory 
Committees: 
The Group reports to the Oceanographic Committee and ACME (information also 
relevant to some ACFM and ACE aims) Mainly WGZE provides scientific 
information on plankton and ecosystems and welcomes input from other 
committees , working/ study groups etc 
Linkages To other 
Committees or 
Groups: 
Any and all working and study groups interested in marine ecosytem monitoring 
and assessments, modelling and/or plankton studies, including fish and shellfish 
life histories and recruitment studies. 
Linkages to other 
Organisations: 
Links with the WGMDM, WGRP, WGCCC, WGPE and WGHABD are intended 
and some contact is maintained. ICES could perhaps help more in fostering greater 
cross group contact and activities. The WGZE input to REGNS is an ongoing 
effort.  The Plankton Status Report is of interest and practical use to a range of 
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interested groups within ICES, PICES, CIESM, GOOS and GLOBEC with other 
national and international research groups and agencies. Increasingly marine 
research, marine management and even marine institutes are re-aligning to take an 
ecosystem view. These linked and collaborative approaches between many 
working and study groups must be encouraged.  IGBP, SCOR, ESF, COML/ 
CMarZ, and others have research activities meetings etc., of interest and relevant to 
the activities of WGZE. Contacts are maintained through networking and 
collaborative activities.   
Secretariat 
Marginal Cost 
Share: 
ICES: 
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Annex 5:  Theme Session proposals, ASC 2006 
1) The Working Group Zooplankton Ecology [WGZE] propose that a Theme Session at the 
ICES 2006 Annual Science Conference should be 
Biogeographical changes in zooplankton communities; consequences for marine ecosys-
tems.  Theme Session conveners - Luis Valdes and Peter Wiebe 
Supporting Information 
Priority: These subjects are considered to have a very high priority. 
Scientific 
Justification and 
relation to Action 
Plan: 
Action Plan No: 1.2  – 1.9; 2.2, 2.10; 4.2, 4.10, 4.14; 5.9, 5.10, 5.16 
To a large extent our current assessments of the ecosystem effects of climate change 
have been most effectively demonstrated by reference to to the observed spatial and 
temporal changes in abundance, distribution and phenology of plankton communities 
and key species. Ecosystem regime shifts and links with fisheries harvests, recruitment 
etc have been demonstrated over a range of scales, from basin scales in the Atlantic and 
Pacific oceans down to different responses noted for different regions of the North Sea. 
It is likely that any ecosytem approaches to fisheries management, marine protected 
areas, habitats and biodiversity conservation or integrated coastal zone management 
will be assisted by reference to information on marine plankton. 
  
Resource  
Requirements: 
Secretarial support 
Participants: It is expected that responses to a call for contributions will reflect the wide interest and 
active research current in this subject area. 
Secretariat 
Facilities: 
None 
Financial: No financial implications 
Linkages To 
Advisory 
Committees: 
ACME, ACFM, ACE 
Linkages To other 
Committees or 
Groups: 
Many 
Linkages to other 
Organisations: 
CIESM, GLOBEC, SCOR, GOOS, CoML/CMarz, EU and national programmes 
Secretariat 
Marginal Cost 
Share: 
ICES: 
2)  The Working Group Zooplankton Ecology [WGZE] propose that a Theme Session at the 
ICES 2006 Annual Science Conference should be 
What zooplankton are fish really eating? Species and diets, availability and dependency.  
WGZE Conveners: Xabier Irigoien and Christian Möllman 
Supporting Information 
Priority: These subjects are considered to have a very high priority. 
Scientific 
Justification and 
relation to Action 
Plan: 
Action Plan No: 1.2, 1.3, 1.12, 
An ecosystem approach to fisheries and marine environmental management requires 
understanding of the trophic links in the ecosystem. Despite very many studies and a 
wide literature, difficult problems remain associated with estimating the transfer of 
secondary production to fish (or other) predators. This suggested theme topic is aimed 
to encourage some resolution or at least a concensus approach to decribing the food 
species of plankton eating fish throughout their life cycles.  
Resource  
Requirements: 
Secretarial support 
Participants: It is expected that responses to a call for contributions will reflect the wide interest and 
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active research current in this subject area. 
Secretariat 
Facilities: 
None 
Financial: No financial implications 
Linkages To 
Advisory 
Committees: 
ACME, ACFM, ACE 
Linkages To other 
Committees or 
Groups: 
Many, including especially WGRP and WGEEF 
Linkages to other 
Organisations: 
CIESM, GLOBEC, EU 
Secretariat 
Marginal Cost 
Share: 
ICES: 
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Annex 7:  Action Plan Progress Review 
 
Year Committee Acronym Committee name Expert 
Group 
Reference to other committees Expert Group 
report (ICES 
Code)
Resolution 
No.
2004/2005 OCC Oceanography WKZE 2005/C:02 2C02
Action Comments
Plan  (e.g., delays, problems, other 
types of progress, needs, etc.
No. Text Text Ref. (a, b, 
c)
S 0 U Report 
code and 
section
Text
 1.2, 1.3, 1.6, 1.7, 1.8, 1.10, 
1.11, 1.12, 1.13, 2.2, 3.2, 
4.2, 4.11, 4.14, 5.9, 5.16, 
5.17, 6.1, 6.4, 10.1
Please see Action Plan Items listed below Update the annual plankton status report. It is planned to 
extend it to new sites and include concurrent 
hydrographic data, phytoplankton series, and advances 
in monitoring technologies;
a) The Status Report has progressed with new sites/ data and new synthesis. Publication now 
in ICES Cooperative Research Report is good. New technologies are emerging which will 
allow enhanced efforts in future. Method standardisation and required sampling 
consistency are often conflicting needs in monitoring time series.
Integration with WGPE and 
Phytoplankton Monitoring Sites 
is not going well, though 
WGHABD more interested.
1.2, 1.6, 1.7, 1.8, 1.10, 
1.11, 1.13, 2.2, 4.11, 5.9, 
5.10, 5.16, 5.17, 6.1
Please see Action Plan Items listed below Provide future development and collaborative approaches 
in plankton time series measurements and interpretation, 
including collaboration with global synthesis attempts 
and regional comparisons;
b) Contacts and collaboration are established with SCOR WG on Global Comparisons of 
Zooplankton Time Series. Contact has been established with CIESM Zooplankton 
monitoring work and integration efforts. WGZE website established (non-ICES provision) to 
aid future communications, integration and collaborations.
1.1, 1.2, 1.3, 1.6, 1.7, 1.8, 
1.10, 1.11, 2.2, 3.2, 4.11, 
4.14, 5.16
Please see Action Plan Items listed below Review geographic and seasonal patterns across the 
range of plankton monitoring sites in the ICES area with 
emphasis on key species;
c) Several sites and species reviewed and some interesting changes and variation noted. 
Workshop approaches to collaboration, data synthesis and comparison are productive/ 
insightful/ educational, and should be strongly encouraged. Operational models and 
phenological approaches are increasingly important to regional management
1.1, 1.2, 1.3, 1.5, 1.6, 1.7, 
1.8, 1.10, 1.11, 1.13, 2.2, 
3.2, 4.2, 4.11, 4.14, 4.15, 
6.4
Please see Action Plan Items listed below Develop a workplan to deliver relevant data sets to the 
North Sea ecosystem assessment to be completed by 
REGNS  in 2006;
d) Plankton Status Report is the basis for contribution, some extensive data sets are in North 
Sea. REGNS contact with data originators will yield more detailed data sets as required. 
Interpretation of REGNS data complex will be problematic without some further gathering of 
the providers.
1.1, 1.2, 1.6, 1.8, 1.10, 
1.11, 1.14, 2.2, 2.8, 2.9, 
3.2, 3.3, 3.12, 4.10, 4.11, 
4.12, 4.15, 5.2, 5.10, 5.15, 
5.16, 6.1, 6.4
Please see Action Plan Items listed below Consider multivariate statistical methods and other 
models as means to evaluate and assess zooplankton 
population and community dynamics in relation to 
environmental factors, ocean climate changes and 
fisheries assessment.
e) This topic was reviewed and these methods are considered highly relevant and a call was 
made for a future workshop approach.
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Action Plan Progress Review (continued) 
Review preparations and progress towards: f) 
1.1, 1.2, 1.3, 1.6, 1.10, 2.2, 
2.3, 3.2, 4.11
Please see Action Plan Items listed below A Workshop on enzymatic and other biochemical and 
molecular methods to measure or assess rate processes in 
zooplankton,
(i) Some progress towards organisation of seagoing and lab workshops in 2006 in Canary Isles, 
later perhaps others at other centres.
The 4th International Zooplankton Production 
Symposium to be held in Japan 2007,
(ii) The announced Theme for the symposium is: Human and Climate Forcing on Zooplankton 
Populations. Arrangements are going well, please note WGZE resolution to publish output 
in ICES Journal of Marine Science edition.
WGZE felt that the ICES page 
needs some work and to be made 
more demonstrative
A“virtual” Workshop to further the collaborative 
comparison and analyses of plankton time series and 
other zooplankton data in the North Sea areas,
(iii) This is stuck to some extent due to ICES lack of provision/support for web based 
collaboration. WGZE has now established its own website and hopes to progress this area.
A further taxonomic Workshop to advance the ICES 
Identification Leaflets for Plankton, also to encourage the 
training and retention of plankton taxonomic skills. This 
should focus to a large extent on gelatinous plankton 
taxonomy.
(iv) This has been an ongoing subject and a further workshop at SAHFOS ,Plymouth, UK is 
planned. Other efforts at revising and enhancing work on taxonomy were discussed, as were 
links to genetics and molecular approaches (e.g.CMarZ)
Need to revise ICES Fiches sheets 
approach to web based product. 
The web site is hard to navigate 
to get to the online downloadable 
pdf files, and should be improved. 
 5.13, 5.17, 6.1, 6.4, 6.5 Please see Action Plan Items listed below Review and consider the role of meroplankton in pelagic 
shelf seas ecosystems and their contribution to 
productivity in these areas.
g) Meroplankton research was reviewed and WGZE concluded that meroplankton are very 
important but understudied due to difficulties with identification of larvae of benthic 
organisms. There is high importance in this area for real ecosystem approaches, recruitment 
studies, fishing and other impact assessments, MPAs  and variation in regional productivity 
and trophic fluxes. New molecular genetics approaches will soon allow species ID and so 
begins a new era in studies of plankton / benthos links, some are beginning already as 
examples show.
Please see Action Plan Items listed below Discuss requirements for data management in ICES and 
provide input to SGMID. 
h) Much debated, general feeling that ICES approach too prescriptive, demands will inhibit 
data provision and exchange, although good data model as example to follow. Suggest start 
with metadata collection of complex biological data; Status Report/Helcom data as examples. 
Should encourage synthesis workers to approach data holders to collaborate in their efforts 
and analysis, aids data verification, widens collaborative approaches. Note also much data 
still in old paper or computer record formats, funding poor to impossible for data retreival, 
backward looking efforts. Many others attempting central data storage, good for physics 
and chemistry, hard for biology, not necessarily productive as often errors may be 
propogated very fast and data misinterpreted.
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1.1 Provide feedback to Science Committees about research needs and priorities that are identified in the advisory process. [MCAP/Advisory Committees]
1.2 Increase knowledge with respect to the functioning of marine ecosystems. This will be achieved through continued basic research on the biological, chemical, and physical 
processes of marine ecosystems and specific activities directed at improved understanding of observed and potential variability in the marine environment due to physical 
forcing and biological interactions. [MHC/OCC/LRC/RMC/BCC/DFC].* Particular planned activities include the following:
1.2.1 Understand and quantify the biology and life history, stock structure, dynamics, and trophic relationships of commercially and ecologically important species. 
[LRC/OCC/BCC/MHC/DFC]
1.2.2 Quantify the changes in spatio-temporal distribution of the stocks of important species in relation to environmental change, using survey and commercial data. 
[OCC/LRC/RMC/BCC/DFC]*
1.3 Increase knowledge of the effects of physical forcing, including climate variability, and biological interactions, on recruitment processes of important commercial species. 
[MHC/OCC/RMC/LRC/MARC/BCC/DFC]*
1.5 Develop and apply biophysical modelling, and improve capacity in such modelling to cover biological–physical interactions in the sea. [LRC/OCC/BCC/MHC/DFC]*
1.6 Assess and predict impacts of climate variability and climate change, on scales from populations to marine ecosystems, including impacts on commercially important fish stocks. 
[OCC/LRC/BCC/DFC]
1.7 Play an active role in the design, implementation, and execution of global and regional research and monitoring programmes, in collaborations between the ICES and other 
international oceanographic research or monitoring programmes such as GOOS and GLOBEC. [OCC/LRC/MHC/BCC/DFC]
1.8 Implement a North Sea-oriented monitoring programme that incorporates oceanographic and fisheries data. [OCC/LRC/RMC/MHC/DFC]*
1.10 Develop better tools and training opportunities for monitoring and observation of physical, chemical and biological properties of marine ecosystems. [FTC]* [Other Science 
Committees]
1.11 Continue to improve the coordination, conduct, and analysis of oceanographic and biological surveys to assure their accuracy and precision. [LRC/RMC/OCC/MHC/DFC]
1.12 Address the substantial need for improved data and information on components of the marine ecosystem in the Baltic Sea including: 
1.12.1. Meteorological and oceanographic conditions (exchange processes, input to the Baltic);
1.12.2 Nutrient productivity and toxic blooms;
1.12.3 Evaluation of the biomass and production of the main prey of intensively exploited fish stocks;
1.12.4 Evaluation of the condition of seabirds and marine mammals;
1.12.5 Improved application of technology to surveys and monitoring;
1.12.6 Evaluation of the state of the Baltic Sea ecosystem. 
[BCC/OCC/LRC/RMC/MHC/FTC/DFC]
1.13 Enhance the efficiency of sampling tools and resource surveys by the following:
1.13.1 Improve the standardisation and performance of survey gears.
1.13.2 Promote the development of techniques and protocols for studies of fish and plankton behaviour relative to survey gears.*
1.13.3 Implement a common data format in acoustics for scientists and industry.
1.13.4 Promote the development and use of new survey designs, data analysis methods, acoustic instrumentation and survey gears.
1.13.5 Establish and evaluate a framework for the collection of hydroacoustic and ancillary data from commercial fishing vessels.
[FTC/BCC/LRC/MHC/DFC] 
1.14 Promote the development and use of hydroacoustics and other technologies, such as lidar, in quantifying the biological and physical components of the ecosystem. [FTC]*
2.2 Develop a process for conducting holistic assessments of the impact of human activities, and identify a suite of indicators or variables that will facilitate the monitoring of 
ecosystem status and evaluating whether ecosystem quality objectives (EcoQOs) are being met. This will be achieved by the following activities:
2.2.1 Contribute to the scientific advice for the development of EcoQOs that will ensure the environmental health of marine ecosystems. 
[MHC/LRC/OCC/BCC/DFC/ACFM/ACME/ACE]
2.2.2 Assist in the development of spatial and temporal assessments of the indicators for those EcoQOs. [MHC/LRC/OCC/BCC/RMC/DFC]*
2.2.3 Produce holistic assessments of spatial and temporal patterns of contaminants and their effects on marine ecosystems. [MHC/LRC/OCC/BCC/DFC]*
2.3 Evaluate and increase knowledge of the effects of fishing activities, particularly mobile gears, on seabed structures and benthic communities and habitats, and on the ecosystem 
consequences of such effects. [MHC/FTC/LRC /MARC/ACME/ACE]
2.8 Continue and further improve assessments of the transport, fate, and biological effect of contaminants on the marine ecosystem through sampling, analyses, data collection, 
and evaluation of sampling, analytical, and data processing techniques. [MHC/OCC/LRC/BCC]
2.9 Determine the biological response to eutrophication taking into account oceanographic conditions. [OCC/MHC/LRC]*
3.2 Further develop, and evaluate performance of, indicators of the status of stocks and ecosystems, relative to effects of fishing and other human activities by new analyses and 
modelling. [ACFM/ACME/ACE/LRC/ RMC/MHC/OCC/BCC/DFC]
3.3 Develop a framework for an integrated evaluation of the impacts of human activities in the coastal zone, (e.g., mariculture, dredging/extraction, building structures), as an aid to 
coastal zone management. [MHC/MARC/RMC/OCC/DFC/ACE/ACME]*
3.12 Collaborate on development of research methods for assessing the social and economic aspects of human interactions with marine ecosystems. [RMC/MHC/ACFM/DFC]*
4.2 Provide scientific advice and information on the status and outlook for the fish stocks, marine ecosystems, and the marine environment requested by the Commissions, other 
regulatory agencies, and Member Countries of ICES, and any other advice, which ICES may consider relevant. [MCAP/Advisory Committees]
4.10 Promote, through workshops, study groups, and training courses, the development and better application of methods for resource enumeration, status evaluations, and 
forecasts. [RMC/FTC/DFC]
4.11 Develop the scientific basis for an ecosystem approach to management, including assessments and the provision of scientific advice. Specifically, the following activities are 
needed:
4.11.1 Continue and expand the development of tools, possibly ecosystem models, that facilitate the assessment of monitoring and scientific knowledge of ecosystem functions in a 
holistic manner. [MHC/OCC/RMC/BCC]*
4.11.2 Incorporate scientific information on ecosystem components and processes into the advice that is provided to clients. [MHC/RMC/BCC/Advisory Committees]*
4.11.3 Consider more fully the impacts of human activities on the marine ecosystem, through provision of more integrated ecosystem advice. [MHC/RMC/OCC/BCC/Advisory 
Committees]
4.11.4 Work towards the use of indicators of sustainability for a wider range of ecological properties in the provision of scientific advice to clients. [Advisory 
Committees/MHC/RMC/LRC/BCC]
4.12 Review and advise on procedures for quality assurance of biological, chemical and physical measurements. [OCC/MHC/ACME]
4.14 Provide scientific advice relevant to integrated coastal zone management, including guidelines for sand and gravel extraction and mariculture, and for monitoring programmes 
that would be included in integrated coastal zone management. [MHC/MARC/DFC/ACME/ACE]
4.15 Improve the scientific basis for the application of the precautionary approach in advice on and management of human activities, including fisheries, mariculture, and other 
activities, in marine ecosystems. [RMC/all Advisory Committees]*
5.2 Encourage wider involvement by stakeholders, academics, and the public in ICES-sponsored Symposia and the ICES ASC, including evaluating the possibility of sessions for 
non-technical audiences. [CONC]
5.9 Further develop the existing informal relationship with SCOR, including closer collaboration on the development of quantitative ecosystem indicators for fisheries management, 
and collaboration on its planning effort to develop an integrative framework for ocean research. [RMC/MHC/ACFM]
5.10 Further develop joint activities with PICES in support of the ICES/PICES Memorandum of Understanding, including co-sponsorship of symposia, joint working groups, and 
collaboration on projects in marine ecology and environmental processes, and on advancing our capacity to understand marine ecosystems, climate variability, and marine 
ecosystem impacts. [OCC/MHC/LRC/DFC]
5.11 Consult with and provide technical advice to the fishing industry and fisheries management agencies in the development of technical devices to be used in harvesting 
technology and the modernisation of the methods and technologies currently used in the enforcement of technical measures. [FTC]
5.12 Provide advice on research design and in some cases participate in projects with research and development agencies in the acoustic and the fishing technology industries. 
[FTC]
5.13 Develop and maintain joint activities with IOC in support of the ICES/IOC Memorandum of Understanding, including the following:
5.13.1 Assist and participate in the implementation of GOOS and regional GOOS components (in particular EuroGOOS).
5.13.2 Continue to act as the North Atlantic regional implementation body for GLOBEC (The Cod and Climate Change Programme).
5.13.3 Provide input to the implementation of GEOHAB activities in the ICES Area, in particular the Baltic, and to other Harmful Algal Bloom initiatives such as the HAB event 
database and IOC Intergovernmental Panel on Harmful Algal Blooms.
5.13.4 Contribute expertise and know-how for the development of modern marine data management systems and maintain such systems that are of relevance to ICES activities.
5.13.5 Contribute expertise on IOC advisory and expert panels as appropriate, e.g., the SCOR–IOC Carbon Dioxide Advisory Panel and GESAMP.
5.13.6 Develop a specific plan of action for enhanced collaboration, taking into account the development and implementation of GOOS.
[OCC/MHC]
5.14 Establish more consistent mechanisms such as joint working groups, co-sponsored symposia, and cross-attendance at meetings, for regular exchange of information and 
progress with other marine scientific organisations with which ICES does not have a formal Memorandum of Understanding, such as ICLARM, CCAMLR, the NAFO Scientific 
Council, the Arctic Council, the European Science Foundation Marine Board, and the World Fisheries Council. [CONC/all Science Committees]
5.15 Establish relationships with international marine science organisations that have a substantial academic membership, e.g., the American Society for Limnology and 
Oceanography (ASLO), the European Geophysical Society, and similar organisations. [CONC/all Science Committees]
5.16 Increase the sharing of ICES knowledge and experience with other non-Member Countries, through work with those that have official observer status, and through linkages 
with other marine science organisations. [CONC/all Science Committees]
5.17 Through co-sponsorship and collaboration with projects under the Census of Marine Life, improve knowledge of marine biodiversity and related fields of study. [LMR/BCC]*
6.1 Integrate and expand databases to support ICES programmes within a well-defined data management policy. [CONC/MCAP/all Science Committees]*
6.4 Assess and, where possible, improve, the quality of marine biological data. [LRC/RMC/OCC/DFC]
6.5 Ensure that ICES processes are embedded in quality management procedures to minimise errors, and increase transparency and efficiency, by the following:
6.5.1 Make the review process more transparent and inclusive of a wider range of expertise.
6.5.2 Adjust workloads of Working Groups and Advisory Committees to allow more thorough review of analyses and interpretations.
6.5.3 Further develop procedures for standardisation and certification of software for assessments and report preparation.
6.5.4 Carry out regular outside reviews in order to address the issues in a non-routine way, since Working Groups and Advisory Committees are already fully occupied with carrying 
out their routine tasks.*
10.1 Make the results of ICES-coordinated resource surveys available to a wide public (in an easily understood manner) via the World Wide Web. [LRC/PUB/Secretariat]
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